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Hn»TGRAPJitC DIRECTORATE 

Naval .Staff 9s*nch 
Naval Headquarters 

K \R \CHi 


D.O.No. HD/Q102»28. 13 October, 19TO. 

From- Capteln S.R, Islam, P.N. 

Director of Hydrography. 





Dear Sir, 


Reference your letter dated 94-6-1970 and Mufti 
Rashid Ahmad's letter dated 7-10-1970. 

The Nautical Almanac Is a standard publication 
of the Royal Navy and Its contents are extensively used 
for the computation of the rising and setting phenomena 
of the heavenly bodies and other astronomical information 
mainly connected with navigation. The accuracy of tables 
In the nautical almanac meets those requirements and Is 
considered sufficient to cover the problems Indicated by you. 
Prom the nautical almanac of 1970 the times of sunrise and 
twilight have been calculated to compare your computations. 
The results are as unden- 


PI»ce 

Goth Fakir 

(Lat.25" 46 'N 
Long.68 40 E) 


Date Stated time of 

11.6.70 04 hrs . 19 min. 

(Zone ♦ 5 hours) 


Karachi 

(Lat. 24 * 52.5'N 
Long.67° 2.5'E) 


30.6.70 04 hrs. 30 min. 

20.9.70 06 hrs. 17 min. 


Calculated time 
when sun Is 15 * 
below horizon. 

04 hrs. 20 min. 
(ZOne .♦ 5 hours) 


04 hrs. 294 min. 
05 hrs. 18 min, 


20.12.70 06 hrs. 303 min. 06 hrs. 


02 min, 


2. The calculated time as giVen above Is based upon 
the following data given In the Nautical Almanac (Page 258) 
and Admiralty Manual of Navigation Vol. II (Page 137) i- 


gXTRACr .from Nautical Almanac 1970 (Page 25 8) 


Basis of the tabulations. At sunrise and sunset 
16 1 Is allowed for seml-dlameter and 34' for horizontal 
refraction, so that the times given the Sun's upper limb Is 
on the visible horizon; all times refer to phenomena as seen 
from sea level with a clear horizon. 


'rtf'* ^ V J J- : d ^ 
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At the times given for the beginning and end of 
twilight, the Sun's zenith distance Is 96° for civil, and 
lOg 5 for nautical twilight. The degree of Illumination 
at the times given for civil twilight (In good conditions 
and In the absence of other Illumination) Is such that tl 
brightest stars are visible and the horizon Is clearly 
defined. At the times given for nautical twilight the 
horizon Is In general not visible, and It Is too dark for 
observation. 

Times corresponding to.other depressions of the 
Sun may be obtained by Interpolation or, for depressions 
of more than ijP less reliably, by extrapolation; times 
so obtained will be subject to considerable uncertainty 
rear extreme conditions. 

EXTRACT From Ad miralty M anual of Navigation 7ol.II. 

ms. 1371* 

Astronomical twilight. This Is said to eral or 
begin when the Sun's centre Is 1B° below the horizon, at 
which moment absolute darkness Is assumed to begin or end 
so far as the Sun Is concerned. 

3. The times o f d>^Cl or and 

other requirements can be obtained from the above stated 
arguments according to the definitions of the terms. 

4. A comparison of the times given by you for 22nd 
September and 22nd December. 1970 indicates that they 
relate to Astronomical twilight (morning) when the sun Is 
jjB°-below the horizon. For 22nd June 1970 the time given 
Is a little earlier. 

5. The chart of time supplied by you has also been 

compared and the times given for as well as 

sunrise generally tally with other times calculated from 
the Nautical Almanac for Astronomical twilight arel sunrise 
respectively. 


Yours Sincerely 



(S.R. ISLAM) 
CAPTAIN PAKISTAN NAVY 

Molana Bbtlshamul Haq Thanvl, 

56, Jacob Lines, 

L* radii. 

Copy toi- Mufti Rashid Ahmad 

Darul iftae wal I r' A at 
Nazlmabad, 

Karachi. 
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PAKISTAN METEOROLOGICAL DEPARTMENT 
Office of the Deputy Director, Climatology,Hydrometeorology 

Oceanography, University Road, Karachi. 


Karachi, 

No. Cl-11(7)/68 dated the 18th September, 1970. 

To 


Maulana Ehtlsbamul Haq Thanvl, 

56, Jacob Lines, 

Karachi . 

Dear Sir, 

Kindly refer to your letter dated the 21st June, 1970. 

Replies to the queries at the end of page 4 of the report 

received alongvlth your letter, are given below serlatrlmt 

1. We have no comments to offer. 

2. The time for the beglning of morlng astronomical twi¬ 
light for 12 th June Is 4h ll m . The beglning of morning 
astronomical twilight Is taken to be the time when the 
Sun Is 18° below horizon. We have no comments to offer 
on the timings In the different charts given, the tim¬ 
ings of Sub-he-Sadlq for Karachi. 

3 . When the Sun Is 1B° below horizon, all light from the 
3un Is cut off. 

4. This Department has not undertaken any work on the 
determination of the timings of Sub-he-Sadlq according 
to the definition given in the 'note' at the end of 
page 4 of the Report enclosed with your letter. These 
timings can, however, be calculated for any l.ocatlon 

If the phenomena Sub-he-Sadlq Is precisely defined with 
respect to the position of the Sun below horizon. With 
out this the calculation of the timings will not be 
possible and as you have yourself noticed, will be sub¬ 
ject to the personal error of the observer. 

Delay In the reoly to your letter Is deeply regretted. 

Yours faithfully, 

P 

\ T.H. SIDDICpi )18/9/70 
for DIRECTOR ' ' 

h*- JjL-’C? 
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lfo.C1-11(17)/68/l667 
PAKISTAN METEOBOLOGICAL DKP1ITVEHT 
OFFICE OF THE DEPUTY DIBECTOB 
CLIMATOLOGY HYDBOMETEOIOLOGY A 
OCEANOGBAPHY 


Front- N. A. Qureshi, 

Deputy Director. 

To :- Mufti B»ahld Aimed, 

Daruliftac wal Irahad 
Neiiaabad IV 
Karachi-l8. 


Karachi, tho 21at October, 1970* 

Dear Sir, 

Boforoaco your latter datad 2.10.1970. 

2. The replies to your queries are as follows seriatim t- 

(l) The sun Is approximately 18 degrees below the horixon 
at the tines given on the dates specified. 

IA- 


o>\*C- 







l<Y 


(2) When the sun la 18 degrees below the horiaon all light 
from the sun la cut off. 

(3) The times,correct to the nearest heIf min., calculated 
for meteorological Observatory at Karachi Airport (coor¬ 
dinates 24°54 N lc 67°08 , K) when the sun is 15° below 

the horizon on the dates specified are as follows: 


22.6.1970 : 04 hrs 29tt min.W.P.S.T. 

22.9.1970 : 05 hrs 17 " " " " 

22.12.1970: 06 hrs 454 " " H " 


Kindly acknowledge receipt. 


Yours faithfully, 



<l'S 

Z^SZ-S 
JJ'J? ir * • / 


y f sJ&j it 
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( N. A. QURESHI 
Deputy Director 

Phone : 415549 
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MUFTI RASHID AHMED LUDHAMVI ^AK •l-IFT'B WAL-IHSUAD 

NAZIM ABAD NO.4 
KARACHI 


DETERMINE THE DIRCTION OF QIBLA FOR WINNIPEG 97 DEGRJ 
15 MINUTES WEST 49 DEGREE 54 MINUTES NORTH INFORM BY 
CABLE URGENT PLEASE 

AYUB HAMID 529 STYLES STREET WINNIPEG 
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529 STYLESSTREET 

WINNIPEG 


800P-9 


WINNIPEG WEST 97.25° NORTH 49.9° HIBLA DIRECTION 

39.93° north to east 
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Prayer Schedule Cotpatation 


n R OG 7 A .1 TO CCMFJTE I r .LAMC PRATER SCHFEULE5 AND QrOLA CHARTS 

cccccccccccccccccccccccccccccccc 

WRITTEN BY 
S. KAPAL A BC A LI 

MATHEMATICAL SCIENCES DEF ARIMENT 
7ENSSFLAER POLYTECHNIC INSTITUTE 
TROY, NEW YORK 12101, USA 


C 
C 

c 
c 
c 
c 
c 
c 
c 
c 
c 

ccccccrccccccccccccccccccccccccccc 

c 

C INPUT LATA SHOULC PE PROVIDED ON LOGICAL UNIT S. 

C THE PROGRAM SICTG UPON ENCOUNTERING TU END-OP-PILE CN UNIT 5. 

C FOR EACH SCHEDULE DESIRED, THE INPUT SHOULD INCLUDE THREE CARDS 


C 

WITH THE FOLLOWING DATA LAYOUT: 

t 

C 

CARD Is 





c 

r* 

COL, 

1 - 

28: 

• APE OP PLACE. II IS PEPFOLUCED ON THE SCHEDULE. 

C 

C 

CARD 2: 





C 

COL. 

1 - 

4: 

DECREES TN 

LATITUCE C F PLAC!. 

c 

COL. 

5 - 

8: 

MINUTES III 

LATITUCE CF PLACE. 

c 

COL. 

0 - 

12: 

DEGREES IN 

LONGITUOE CF PLACE. 

c 

COL. 

13 - 

16: 

HIMOT'S IK 

LCKGITUDE CF PLACE. 

C 

COL. 

17 - 

20: 

DECREES IN 

LONGITUDE CF STANDARD TIME. 

C 

c 

COL. 

21 - 

24: 

PI NUT PS IN 

LCKCIIUDE CF STANDARD TIME. 

c 

c 

(N 0 

T E 

: IP 

A LATITUDE 

CD LCNGITUIE IS NEGATIVE, C*LT ITS 

C 

c 



DEGREES PART 

SUOULO r E PRECEDED 3Y A MINUS SION.) 

C 

CARD 3: 





c 

COL. 

1 - 

4: 

YEAR A.D. 

(CF, 0 PC F "PERPETUAL" SCHEDULE). 

C 

COL. 

5 - 

8: 

1, IK DATLIGH1 5MING TYPE ADJUSTMENT REQUIRED, 

c 




0, OTIIP R CIS E. 

c 

(N 0 

T E 

: THIS ADJUSTMENT IS DCNE EY AIDING CUE HOUR TO ALL 

c 




TIMES PRCP 

THE LAST SUNDAY IN APRIL TC THE LAST 

c 




SUNDAY TN OCTOBER. FOR PERPETUAL SCHEDULES, ALL 

c 




TIMES IN THE FSIICD E6CS APFIL TO OCTOBER, 

c 




INCLUSIVE, 

ARE ADVANCE! Dt CNE HOUR.) 

c 

COL. 

q - 

12: 

0 OR 1 PCR 

PRAYER SCHEDULES, 

c 




2 FOR QIPLA INCICATOB CHART, 

c 




1 "OR BOTH 

PRAYER SCHirULE AND QiCLA CUART. 

c 

COL. 

13 - 

1b: 

1 If 'ASR TIME IS TO PE COMPUTES ACCORDING TO 


wK 


HA NA *1 r I9H. (SHADOW RATIO 


21 , 



onononononon 


t'JsjjCj'cr’l &’L 

Pffr schedule Coiput it !*>*• 


J I r •ASP TIM* 12 TO EE CONFUTEJ ACCCCDINC TO 
TH 2 GTHES FI2IIS. (SMACnW HAT 10 « 1). 

(HOTS: I:r. oAT A OH C\SD3 2 A N C 3 AR F ALL INTEGER. THET 
SHC'JLD *JE RIGHT-JUSTIF iEO JN lHEin H ESP ECTI ▼ 5 FIELDS.) 

cccccccccccccc ccccccccccccccccccc 

THE PBOCHAN OUTPUT 13 OH LOGICAL UNIT 6. 

ccccccccccccccccccccccccccccccccc 

INTEGER 30UR,YSAR # 3EGDST # F I HOST 
REAL LAT,L03G,L5ID!I 
DIMENSION TINE) (6) ,COALT (6) 

LOGICAL* 1 JUS (6,10,3 1) 

EIHSHSIOH NDfINTII 02) .TIN (366,8) 

CONPIGN /I ATM/PI 

COMMON /A3T«/O0L, O.MA NON . DMl ONC, ANONO , SMLNGO, C1 ,C2,DCLSID,SIDTMO 
CONMGM/PCSN/ LAX, LATD.LATH.LCIG, LCIGC.LCNGfl.LSTDH 
COMMON /NOTES/ NOTE 1 
DIMENSION NA *1F (7) 

CAT A NDMN7H/31.20, 1 1 , 30 , 31. 30 , 3 1,31 , 3 0 . 3 1 , 30,3 1 / 

PADIAN(X) =T»»:/1S0 

TEGREE(I DEO, NTNUTE) »I SIC N (.HI HUT E , X C EG) /60. 0* I DEG 
1 READ (S,5,2ND = C00) SAME,LATD,LATH,LOBCD,LONGM.LSTD,LSTM,YEAQ, 

1 TOST,rsg,IASR 
5 FON-.AT(7A4/6IH/4I4) 

C 0 FOR TEAR IMOICAIPS TfUT A PERPETUAL SCHEDULE IS CESIRED. USE 1982 
NTEAR 3 T FA® 

IN(TEAR.EO.O) SYEAR- 1**2 

C • AS R SHADOW RATIO IS 2 POP HANAF1 PXCH# 1 FOB OTHERS 
TASK • 1.0 

IF (IASR.ME.0) TASR-?.0 
CALL CONST(NYEAR) 

L AT* R ASIAN(CE3R2E(LAT0,LAT-)) 

LONG■PADIAN(DEGREE(LCNGD,LCXCB)) 

• ISTDH-DEGRE*(L3TD,LSTM)/15.0 
C PINO BEGINNING A NO ENDING DATS FC1 CATLIGUT SATING TINE 
CALL DATLIT(YEAB,L5AP,IDST,5fGDST,FINDSI) 

NDHH1H (2) -2**L!AP 
DIPEC-OIBLA(O) 

C APPROXIMATE TINTS OF FA lR.SHUROQ.ASR,MAGNBIR,IS HA 
TIM r C(1)-6.0 
TIMCO (2) -7. 00 
TI*rO(4)-14.5 
TIMFC(5)-16.50 
TINCO(6)- 1R.0 

C COALTITUDES Of SON AT FAJR, SIIURUC, BACHIXB, ISHA 
COA17 (1)-RADIAN(105.0) 
rOALT(2)-rADIA1(90.33) 

COALT(5)-COALT(2) 

COALT (6) ACOALT (1) 

C OFT APPROXIMATE TI.HE3 FCI FUST DAI Cf TEAI. 

C LATER ON, EACH DAT • 5 TIMES ARE OSED AS APPROXIMATE T19ES FOB REIT DAT 
CALL NOON (1,T,COALTN) 

COALT(4)• ATAN(TASB♦TAN(COALTi)) 

00 6 .1-1,6 
IT (J.E0.3) GC TC 6 
t-t:se(i,coait(J),tiheo (j)) 

TISC C(J)-T 

C IF Tine INDETERMINABLE, APPROX. TIH10 (J)- 1,2,21,22,23 FOB J-1,2,4,5,6 
IF (I.GE.24.0) TIMEO (J)- (J-1)/1*17*J 
6 COITINOE 

C COMPUTE TIMES FOB THE 1HOLF TEAR 
N9AYS-365*LEAP 

C SCSF03LE MAKING. SKIP IF CNIT CIELI IICICATOB CHART CISIRED 
IF (ISO. BO- 21 GO TO 120 
70 10O T »1,NDA Y S 

|lO - 



'jJfifj&'cr* 1 




Priv»r 5cb?4ulo Computation 

F')R PERPETUAL CALERDAR, FEBRUARY 29 AKC F ABC H 1 HAVF SATE TlflEJ 
K-I 

IF (I.ST.60 .AMO. YEAR .9Q-0) K-I-1 
CALL ROOM (K,TIH (X, 1) # COAlTH) 

COALT («•) - ATAN (1ASR*?AR (CCALTI)) 

DO 10 J- 1.6 
IF (J.EQ. 3) GC TC 10 
T-TIU(K,COAlT(J) # TI!*F0 (J) ) 

TH(I,J) -T 
TIRE0(J)-T 

C l 9 TIRE IHOETERRINADL*, APPROX. TIRIC(J) *1,2, 21, 22,23 FOR J-1,2,6,5,6 
IF (T.6C.2R.0) TIREO (J) • |J-1)/3*17*J 
10 CORTIRUE 
100 CORTIRUE 

C-*CORRFCI FOR CAYLIGHT SAVIIO TIRE 
IF (FIR DST. EQ. 0) GO TO 120 
00 110 T*0ECDST,FIRDST 
DO 110 J-1,6 

110 TTII(X,J)-TX!I(X,*J9*1.0 
C SCHEDniI CORPOTED. ROR PRUT II OUT 
120 RDAYS0-1 

DO 100 R-1,6 

C IF ASTERISK PRIRTED (IMPOSSIBLE flfll), ACTcl WILL B! RCIZERO 
ROTE 1*0 

CALL TITLE(R,HARE,YMR,ICST,DIR!C) 

DO 219 R ■ 1,3 
RD-RD.RRTH (3*H-3».R) 

RDAIS1-RDAYS0-1MD 
DO 220 L-RDAYSO,RDATS1 
DO 210 J-1,6 

C TIRE CCRf»RSIOR TO A• 11. ARD P. R. HCOIS AID BCURDPD RIHUTES 
T-TIR (L # J J 
ROOR-T 

RIROT-60.9*(T-IRT (T)) *0.5 
IF (BIROT.LI.60) GO TO 20R 
RIROT-O 
ROOH-ROOR* 1 

206 IF (ROUR.GT.12) HOUR-RCUi-12 

210 CALL HRRII (MO , JR,RI1IOT # RUR ( 1, €*!l~€ + J# L* 1-RDAYSO) ) 

220 CORTTRUE 

RDATSO-■DATS 1 ♦ 1 

IF (1D.EQ.31) GO TO 235 
RD1-RD*1 
DO 230 L* RD1,11 
DO 230 J-1,6 

C BLARK OOT TIRE CR RCF-EIISTFRI CATIS 
230 CALL RtRIS(-1,0 , I9R (1,6• P-6 ♦ J,i)) 

215 COR?IRUE 

VR1TI (6 , 2**0) (L, ( (HU fl (K# J, L) ,K-1,6) ,J*1,6) ,1, ( («0R(K,J,l), 

1 K-1,6) ,J-7,12),L, ( (ROR (K,J,l) , K- 1 , t) 9 J- 13 , 1R) , l- 1 # 31) 

2R0 FORR AT ((3(61,12, IX , 1 2A 1, IX,26A 1))) 

IF (ROTF1.F0.0) OC TC 300 
• RXTI (6,265) 

265 FORRIT(2(1X/),331,•• TIRE RCT CCRIOTABLI. OR THIS DXIE AT*, 

1 • THIS LOCATXOR, THE SOR DOIS ROT•/J6X,•ATTAIR THI •, 

2 •PCSITICR CORFERTICraLLT OSID TC ClfXRE HUS PBATIR TIRE.•) 

MO CORTIRUE 

C QTBLA IROICATOR CRART RAKXHG. SKIP IF ORtT SCHEDULE DISIRED 
320 IF (XSO.LE.1) GO TO 1 
DO 600 I-1.RDAYS 

C FOR PE9PBT0AL QIBLA CRART, FEBRUARY 29 ARC RAFCH 1 HA Y X SARI TIRES 
I«I 

TF (2.GT.60 .ARD. TEAR .EQ.O) K-I-1 
DO 350 J-1,0 

TIR(I.J)-TSRAD(K,DI1EC-PI/4.0*(J-1) ) 

350 CORTIROE 
600 CORTIRUF 

CORRECT TOP CATUOBT SAfIRG TIRE 
IF (FIROST.FQ.O) CO TO 60R 





u u 


tlfjWcr*! 


*•4 




PcMfC schtdvile Co*pat*t ion 

DO 405 I-BPGr>ST,PTBOST 
CO 405 J-1#* 

*05 TIN (X..11 ■Til (I.j) *1*0 

*0A COBTIBUF .... 

C QIEL A CBIHT CO1P0TED. MOM Pn.AT .1 COT 

BDATS0-1 
DO 500 *1*1,6 

CALL TITLE2 fB,BABE,TI AB,XCST,DXIfC) 

DO 4 35 B- 1,2 
1D-BD4BTH (2*B-2^!1) 

BOATS1**DAT50-1♦AO 

DO 420 L-10ATS0,IDATS1 
OO 4 10 J • 1,8 
T-TIB (L,J) 

BOOI-T 

5IA0T-60.04 (T-IBT (T))*0.5 
IP (BIBOT.LT.60) GO TO 400 
BIBOT-O 

•04 CALL HIBIB(HOOH,BIBOT,*n4 (1,6 # B-8*J,LO-iDATSO) ) 

•10 COBTIBUF 
•20 COBTXIOE 

BDATSO-BDA TS1♦1 

!■ (BD.E0.31) GO TO *35 
BC1-IDH 
DO *30 L-*D1,31 
DO *30 J-1,8 

C BLABB OUT TIBR CB BCB-BIISTMI OAT IS 
•30 CALL HMIB(-1,0,BUH(1,8*8-80,1)) 

•35 COBTIBOC 

1BXTE (6 , **0) <1, ( (BO B (R, J,L) ,R-1,6) ,J-1,8) , L , ( (BUB (R, J , L) , 

1 1-1,61,J-4,16),1-1,31) 

••0 POM AT ( (XB,*(1X 0 6A1),X*,»(1X,6A1))) 

400 COBTIIUE 
00 TO 1 

600 MB IT I (6,610) 

• 10 FOBB AT ( 1 1 •) 

STOP 

•ID 


SOBIOUT1*1 HBBXB(HOOB,BI40T,BB) 

FOBB STPIBG BHFf: BB IB BB FBCB HCOI ABC FIB 

IP IIOUB TOO LAIGE (IMPOSSIBLE TIBI), FAKE SIBXBG AB AST EB IS K 
ABD BARE BOTE 1 BOB-SFIC TC BAIR TPXS SIT0AT2OB 
XP HOOB IJ * EGATXf I (BO SOCft DATE), XBII BARI STSXBG BLABR 
tlfTCEl HOOB 

...* 

DO 5 1-1,6 
5 BB(X) -BLABR 

IP (BO0I.LT.0) BETOII 

*"(*>-STAI 

K-BOOB 

It (B.LE.360) CO TO 7 
■OTt1-1 
iiron 
7 l-R/100 

If (L.BE.O) H4 (1) -DIG (LA 1) 

R-BOD(R,100) 

HI (•) •COL'*. 

"DXG MOD (1X10T, 10) *11 

BBTOIB 

1*0 


40") til 





*1 


-J^jL 3>Sl, 
• 0 • • 


n rdyc»r schtlul** rciputa t i>»n 


sooroii: rr. noon (n s*T,T*wj # c(mi!i) 

COKPUTE me nr ICON IS 7EMC0N, SUN'S CCALTITUOP in rcALTri 
POP DH *10- NDAT OF YEA? 

NEAL LAT # L n 'lG, LCC.N7, LC NC.M, LST 51! 

COHO'! /NA?H/?I 

r oaios /AsrvooL, dka nck, dnlcks, a sc ho ,shlngo, c i,C2, dels id,3Idtiio 
CO.I HON/TOSM/l AT . L ATD , L AT •, LO PG, LCN<jD # L0NG.N,L5?D'! 

C SKLOMG * JUN'G IMP LONGITUDE, SICPG * SUN'S TRUE LONGITUDE 
C lOCVT =• LOCAL H CAN TINE OF NOUN 
L*PGM’LONG*12./PI 
DATS-NDAT* ( U. 0 ♦LO'TGII)/24. 

ANONLT-ANOIO^NANCHHATS 
SNLNC“5NLNG0*0NLCNG^CAT5 

SLOBG-SKLNG-C!*SIN(ANO-LY) ♦C2NSIP(APCKLY*2) 

HA-AIAH2 (COS (ODL) *STN (3LONG) ,CCS (SLCAG) ) • 1 2./PI 
IF (PA.LT.0.) ®A*RA*24.0 
OFCL-AHSIN (SIN (OBL) •SXN(SLOPG) ) 

LOCHT-3A*T*l5ID*0AY3*SIDT.K0 
T*NOCN* LGC*7♦ION GH-LSTDU 
IF (TNNOON.LT.O.) T-NOCN’TMCri»24.0 
IP (T1NOON.O?.24.0) THNOCN-THNOON-24.0 
COALTP-A9S(LAT-DECL) 

BSTUKN 

FND 

C 

C 

*31101101 TIKE (NDAY,CCA17,7IHF0) 

C R FTII?NS TINE ON DAT NO. ND AT OP YEAR WHEN SUN'S COALTITUDE IS COALT 
C IF NO SUCK TINP, THEN UPTURNS A LARGF N3F0FR. 

C T 1153 IS APPRO I IN AT! TIKE OF PHESCrEMCTI 
R"AL LAT,LOB7,LCrHT,LCNGH,lSTOM 
C0110N /.NATH/ ?I 

COHOS /\ S T ?/03L ,DN\N01,DNLCSO,ANCRO,SHLNGO,C1,C2,DELSIO,SIDT.NO 
COK1CN/POSN/1AT,LAT 0 ,LATN,LOMG,1CPCD,LCNGK,L3TDM 
C SKLNO ■ SUN'S KEAN LONGITUDE AT TISFO, SLOPS » TRUE LONGITUDE 
C M « SUN'S RIGHT ASCENSION, 3INC0L • 5I»(SUN'S DECLINATION) 

C HA - SUN'S HOUR ANGLE NEST 
C LOC*T * LOCAL KEAN TIKE OF PHENTHENCn 
TIKE- 1.057 
irHGH’LONG*12./PI 
DAYS’*OAT* (T I PSO * LCNGII)/24.0 
'POKLT-ANOTO♦CKANOK* CATS 
SNL AG-S.KL ISO ♦OK LONG* OATS 

SLONG-SHLNG*C1*3IM(ANCKLT) * C 2 • SI S (IPCHLT # 2) 

PA-ATAN2(COS(OIL)•SIN(SLONG),COS(StO«G))•12.0/PT 
IF (RA.LT.O.) 1A-RA»24.0 
STNDCL-SIN fOPL) •SIN (5LONG) 

COSH A •(COS{COALT)-S1NOCL»SIH (L17))/ (SCBT ( 1.0-SINDCL*•2) •COS (LATJ) 
C tr C^S (F1A) > 1 # T H f N TIKE CANNOT P! EVALUATED 
IF (I^SrCOSHA).GT.1.0) RFTURP 
MA*ARCOS (COS HA) • 12.0/PI 
TP (TIK'-O. LT. 12.0) HA-24.G-JiA 
LCC'KT - HA • R A- DELS ID* DA TS-SIOTKO 
Tlnr-LOCK?*10N3H-LSTDH 
I r (TIK r .LT.O.) TIK5-TIKF* 24.0 
IF (TX* £•GT.24.0) TIN*»TXKE-24.0 
SFTURN 
FND 
r 
r 

SURROUtlNP TITLE (N,NAJ1E,YEAR,ICS1,C1MC) 

C PRINT TITLE FOR SCHEDULE, bIKCSTHLT SECTION AC. N 

c iost - i rr gailisiit saving adjust-pat ccnf, o cthernise 

C DIPEC • DX ° £CTION Of ?I"L A, EA3TMARC FRCK NORTH IS POSITIVE 
I-TEGTR T»AR,r:i («) , 3GNL NG , 30 U JT. , SCAC1 * . 0 JBD, gi01 
REAL LAT,LONS 

LOGICAL* 1 LATH (6) ,lCt(;’kN(») ,;HCH(A) 

DITNSION A A - F (7) % 


|NA - 








Schclul** r o* j. it a t l-in 
Coiic n /* ATH/ ?! 

C^SSr S/PC SN/l 4? , LAT^,LAT* r LO IG, LC RCD # lCNGS#L3TCtt 
C AT ft DIT/1HE, 1HW, Hi*, 1*3/ 

orghe*(X) tmso.o/pt 

CALL HRSIM (IADS(LATC) #IATS,IAT0S) 

SGMLAT-OIR ( 3) 

IF (IAT.LT.0.) 3GSL4T-0IR(4) 

CALL R R SI * (I A BS (10 SG 0) ,ICRGP. ICBCCR) 

3GMLR S* 013 f 21 

T* (IONG.LT.O.) S3SLNJ-SIB()) 

APSJIB- AB5 nimC* 100.0/®I) 

DIBi-APSOin 

CIBS-60.J* (A 3 S J10- IS T (A B SO 10)) *0.5 
T* (QISH.IT.60) GC TC IS 
0T8S-0 
OTBo-orao* i 

JS ’ALL HRfllR (0r50 # 0I0B#CIBCR) 

xb-oib (i) 

TP (DIRFC.LT.0.) SG1CIB-DIK (2) 

* IF (T I Aft. SQ. 0) GO TO 40 
WRITE(6,3*M TEA.I, MASS 

IF F0B-1ftT(lHl/2(1T/J # 4U,X4,' A.O. PRATER SCHEDULE FOB «,7A4) 
SO TC US 

40 WRITE(6,42) RAIS 

42 rOHATHM1/2 MX/) #41X# •?E?PEt UAL PRATER SCHEDULE FOB «#7A4) 
4 5 WRITE (6,4 3) LATD«,33RlA?,tC.1GD.?,5GNl*G,QIUE1,S0IIQID 
44 F093AT(1X/!1Y,'LATITUDE -• ,6ft 1, 1 X,A 1 , 6X,•LCRCiTUOE «'# 

1 1X,6* 1, 1X,A 1,6X,*JI0LA «'#6A1,1I,A1,* (F FOR S) •) 

GO TO (1,2, I.4),* 

1 WRITE (6,2 11 

21 FOMATCCU/) J A I 'J A R Y-#30X,*F EBF'IABT*# 

1 322#* 1 A I C H•) 

GO TO 100 

2 IF(Tlftn.E0. 3 .AN3. TCST.MS.O)' WRITE (6. r .1) 

51 •0RSATI2 (1X/1 #4 )X# • (IN APRIL# ACC CHE HOUR TO ALL TIHE5* # 

1 • A PTC.7 LAST SAT’JRDAT) •) 

WRITE (6,22) 

22 POPS AT ( 0 ( 1 </) ,1‘ , X#'A ? R I l*,37l,«P A T 1 

1 # 10X#*J "I R S *) 

GO TO 100 
1 WPIT E(6,2 3) 

23 FOBS AT (2 (1X/) ,7)X#'J U L T*,J5X,*A 3 G U 3 T * # 

1 30 X, • S E P T E :1 P E FM 

GO *0 100 

4 IF (TEAR.SJ.O .MID. IDST.3E.0) WRIT!(6,S2) 

52 FOBS AT ( 2 (1 X/F , 3SX, • (IS* OCTOBTP, SQE1BACT ORE HOUR FROS ALL', 

1 • ?:sss AflER LAST 'SATURDAY) •) 

WRITE (5,?4) 

n 4 "ORSAT (2(11/) ,17X,'0 C T C E r R'#3JI#'N 0 T E fl B E B 
1 2 °X,* 0 EC ESS SB*) 

1)0 WRITE (6,120) 

120 FORSAT (1 1/4 X, 43 ( 1H-) ,4X ,40 ( IH-i . 4 1,4 0 (111-) /4X, 

1 3 ( SX , ' FA.IS SUUBU3 2'IH? A SB SAGHFID I S HA • # 41) /4 X , 

2 3(•DAT F DAWS SRRISE SCOT AFROOR SRSFT RIGHT*,4X)/ 

3 41,40(14-),4f,40(1H-),41#40(1H-)) 

RET'IRR 

FRD 

C 

C 

SUDROUTIS: CTRSTCRTEAPi 

C COSPUTEJ AjriO CC15TA3TS TCP JAS 0 CF GXVIH TEAR 
C 

C SMTS * TIT FROS 12 HB (MCCl) , JAH C, 1*00 TO 0 HB# JAR 0 OF NTEAR 
C T ■ SASE 1H JULIAS CERTCRIES(UMITS CF 36525 OATS) 

C OSL * OCLIJUIIT C* ECLTrTIC 

C ORSAROS,CSLORG.DS13XD ’ DUL* SCTIOS (CHARGE) IS SUB'S ASOflAl Y, 

C 3 J *' S SEAS LGRGIT OP* « CIOEBPAL T!SF 

C ASORJ, S«lORGO,Si:T» J * SJS'S SEAR AROSAIY, Sll R * 5 SLAB LORC.LTUOr, 

: sioctai TV, ili at o hr, jar o of tear ryear 

>M9 --- 



YjkiSi&cr*} 


*\r 




fr*LJt+ r Schedule Coaputatioo 

C C1,C? - COEF?ICIENTS IN EQ/UATICA CP C1111S 
D n U6L! PRECIS ION DnCD,DATAN 

DOUBLE PRECISION 7,DP 1,DCEC,SEC,OR A 0,OEGB It ,ElONG,DPGING,DX 
cosncN /ruin/Pi 

COflNON /ASTR/OBt,DHANON,ON 10NC,ANORO,SRLRC0,C1,C2,DELSId,5IDTNO 
DA AD (DEGREE)-DSOD(0 EC BEE,36 0.0CO)*CP1/180.ODO 
CD*I(IDEG,BIN,SEC)- ID2G*NlN/60. ODO#SEC/3 60 0. ODO 
D80UI(I ROUS,NT N,SEC)-DDEG(IHCOR,PIB,SfC) 

CPI-CATA4(l.ODO)*4.000 
PT-DPt 

NCAYS-(NT EAR- 1900)* 365# (NYEAB-1S01)/4 
T-(NC4TS-0.5D0)/36S25.0DC 

OBL-CRADfDOEG (23,27,P.26 DO)-DDEG (0, 0,46 . B4 5D0) *1) 

ORARCH-BRAD(DDEG(35999, 2,59. 1CDC)/36525.ODO) 

OBLONG-DO AD(DDEG (36 COO,4 6,fl. 1 3DO)/36525.ODC) 

DX-DP AD(DDEG (279,41,48.04DO) *0010 (0,C,1.CA9D0)*T*T)♦ 

1 DRAD(DDFG(36000,46,8. 1 3D0) *T) 

S.NLNGO- DNOD (DX,2.0D0*DPI) 

DX-DR AO(DDEG (158,28, 33.OCO)-DDES (0,0,.54DO)*T*T)♦ 

1 DR AO(DDEG (35999,2,59. 10D0)*T) 

ANOHO-DBOD(DX,2. ODO* DPI) 

o*LSID-DH03R (2400,3,4.542D0) /36525.0C0 

DX-DHOUR(6,39,45.836D0)*DBOD (DHOOI(2 400, 3, 4. 5420 0) *1,24.000) 
SIDTBO-DSOD (HI,24.ODO) 

C1-DBAD(DDEG(1,55, 10.057C0)-DDEG(0,0,17.24 CO) *1- 
1 OOEG (0,0,0.052DO) *T*T) 

C2-OIAD(DDEG(0, 1 , 12. 3 38D0)-DDEG (0,0,0.36 IDO) *T) 

t fTOIN 
•RD 

C 

c 

SOBROOTIRE DATlIT(YEAR,LEAP,ICST,BEG IN,FINISH) 

C r INDS WHETHER TEAR IS LEAP (LEAP • 1 IF YES, 0 IF NO). 

C IF 10ST IS NON-ZERO, THEN AtSO 

C COBPOTES DAY NOS. FOR DAYLIGHT SAYINGS TIRE START AND END 
C DAT NO. OF LAST SUNDAY CF APRIL (BEGIN) AND 
C DAY NO. OF LAST SATDDAY OF OCTOBER 

INTEGER YEAR,BEGIN,FINISH,API30,CCT31 
LEAT-0 

•4-NOD(YEAR,40C) 

N1-.BCD(YEAR, 100) 

IP (HN.ry.O .CR. H1.NE.0 .AND. BCD (T ! A R, 4) . EQ. 0) LEAP-1 
IF (IOST.SE.O) GO TO 5 

C N" ADJUSTHERT FOR DAYLIGHT SAYING 1IH! (T F A R 7ER0 FOR PERPETUAL) 
EIGIN-367 
•rxisH-o 
R*TDFN 

5 IF (YEA n .NE.3) GO TO 18 

C DAYLIGHT SAYING T I BF IN PE H FETU AL CILPNCAB. BAT 1 THPU OCT 31 
B IG.IK- 11* 28 *31*30*1 
?XMISIl»BfGIR-1*31*30*11*31 *30* 31 
R fYU R N 

C NON-ZERO TEAR. PCR ANNUAL CALENDAD 

C JARO,A?R)0,OCT31 • DAY OF WEEK CN THOSE DATES (F*I-0 ,SAT-1,SUN-2,...) 
C N APR30, N0CT31 " NO. OF DAY IN YEAR CA TbCSF DATES 
10 JANO-BOD(N4/100* 1240»nWH/M-lEAP,7) 

NAPR30-31*2**IEAP*31*30 
NOCT J1-365*LEA?-31-30 
APR 30-BOD (NAPP30*JA!I0,' T ) 

OCT31-BOD (NOCT 31•JANO# 7) 

D r GIH-A‘APR)0#2-AFP30 

IF (BEGIN.GT.KAPK30) RIG1N-BIGIN-7 

FINISH-HOC711*1-0CT31 

IF ITJ4TSH.G7.NOCT31) fINISH-EIN ISH-7 

RETURN 

END 



UNflTO’l QI B L A (!) 

U 



no noon o n non no on 


r'Jsji&'cr'i 


air' 


-l?w &<!>[ 


Prayer Schedule Computation 8 

C RETURNS DIRECTION CF QIULA 1:1 RACIARS. f AST WASH FRO- NORTH IS ?0S. 
RIAL LAT,LONG, LC300 # l ATO 

C LONG0,LAT0 ADE LONG AMD tAT OF NECCA IN RADIANS 
CONHCV /RATH/PI 

COHHni/POSN/LAT,LATH,LATH,LONG, LORGD,LONG/1,LSTDII 
DATA LONG0,lAT0/-. 68 37f>fi4,. 3743731/ 

CFLONG*LONG-LOHG0 

0IBLA-ATAN2(51N(DFLC NG ),COS (lAT) •TAK (LATO)-SIN (LAT)*COS(OFLONC)) 

RETURN 

END 


FUNCTION TSilAD (NCAY, PEARNG) 

RETURNS TINE WHEN SHADOW HAS GIVEN [EARING CLOCKWISE TO NORTH 
IP NO SUCH TINE, TDEN RETUPMS A IAPCE RtFPEB 
REAL LAT, LONG. LOC HT,LCNGH,LSIDH 
CONNCN /HATH/ PI 

COHNON /ASTR/03L,DHAN0H,DEICRG,ARCHO,SHLNGO,C 1,C2,DELS ID,SIDTHO 
conhom/pcsn/lat,latd,lath,l(5ng,lcngd,iongn,lstdh 

TSHAD-1.0P.7 

FIRST HAKE SUN'S AlIHUTH BETWEEN 0 ARC 3 CO CEGREES, THEN BETWEEN 
- 18p AND ♦180. IF AZINOTH IS POSITIVE, TIHE IS A.N., ELSE P. H. 
APPROXIHATE TINES ARE 8 AH AND 4 PH. 

AZNTH-ANOD (BEARNGO. 0*PI,2.0»PI) 

TTHEO-P.0 

IF (AZSTH.LT.FI) GO TO 20 
AZNTH"2. # PI-AZHTH 
TTHEO"16•0 

20 IORGH*LONG*12./?I 

DAYS"NDA!♦(TI9S0♦LONGH)/24.0 
ANOHLY"ANONO^CHANON* DAYS 
SNLNG*SHING0^0.1 LONG •CAYS 

SLOKG*SNLNG^C1*SIN(ARCHLY)♦C2*SIR(ARCFLY»2) 

RA-AT A 12 (COS (001)•SIN (SLONG),COS (SICNG)) •12.0/PI 
IF (RA.iT.O.) RA*RA♦24.0 
SJNDCL*5iN (OR L) • SIII (SLCNG) 

DECL-ARSIN(SINDCL) 

THETA 1*AIA12(COS(LIT)•CCS(AZHTK) ,SIF (LAT)) 

THETA2* A PCOS (SIN (DECl)*C03(THEIA1)/SIN (LAT)) 

GET (POSSTDLY TWO) VALUES C* COALY. SFLECT TFI LARGER DhE SC 
THAT Wl HAVE CCA LT <- 90.83 DEGBEES (I.I. SUR ABOVE HORIZON) 
COALT1«AHOD(2.0NPI»THETAUTHETA2,2.0*PI) 

COALY2'A HOD (4.0* PI♦THETA1-THETA2,2.0*PI) 

IP (A HIN1 (COALT1,COALT2).GT.SO.e?/10O.O*PI) RETURN 
COALT* A HAY 1(CCALT1,COALT2) 

IP 1C0AI.I# GT. 00. 03/1 80.0*?I) CCAIT-API N 1(CCALT 1,COALT2) 

COSHA* (COS (COALT)-SIN (DFCL)•SIR (LAI) )/COS (CECl)/COS (LAT) 

IF (ARS(COSHA).GT.1.0) RETORN 
HA"ARCOS (COSHA) *12.0/?: 

IF (TINNO.LT.12.0) HA« 28.0-HA 
LCCHT"HA*RA-DELSID*DAYS-SIDTHO 
TSIIA P" LOC HT ♦ LCNGB-LwTOIl 
IF (TSHAD.LT. 0.) TSHAD*TSIIAD*24.0 
I* (TSI'AO.GT.24.0) TSHAn = T5IIAD-24. 0 
RETURN 

50 TF (H•N p .0) RETURN 
F* 1 

SOL-PT-SCL 
GO TO 40 
•ID 


SUBROUTINE TITIE2(N, NA NE , Y EAP , ICST,C1PFC) 

C TITLES FOR QICL A INDICATOR CHART 

INTEGER YEA?,ClR (4) ,S3NlNG,SGN1 AT,SGNC!P,0 IBD,DIBN 
REAL LAT, LONG 

LOGIC ALM LATCH (6) , LCNGDH (C) ,011 C- (6) 

DIFFNSION NAIF ( 7 ) 

COIHON /HATH/ PI 





COBNOM/POSN/LAT, LAT9,LATH,LONG,10NGD,LONGB,LSTDH 
TATA DIP/1HS,1HW,1HN,1HS/ 

DEGREE (X) *X•180.O/PI 

CALL HRBIN (I APS (LATE) ,LATB,LATDB) 

SGNLAT= DID (3) 

IP (LAT.LI.O.) SGNLAT* DIF (4) 

CALL IIRBIM (IAPS (LONGD) , LONG f. , LONGCB) 

SGNLNG* DIR (2) 

IP (LONG.LT.O.) SGNLNG* DIR (1) 

A 9SQ T 9= ABS(DIR5C•IDO.O/PI) 

9IBD* A 3SQ ID 

QTBH*60.0*(ABSQID-IMT (ABSQID))♦0.5 
If (QIBB.LT.60) GO TO 35 
01B "1 * 0 
QIDD*QIBDO 

35 CALL HRBIN (QIDD, QID.B ,QIRDB) 
sr.NQin-nn (1) 

IP (DIPEC.LT.0.) SGNOIO=DIP (2) 

T P(YEAR•EQ.0) GC TO 40 
WRITE (6, 37) Y EAR,NA B E 

37 PORtt AT ( 1111/ IX/ ,401,14, • A.D. CIBLA IHCICATOR POR 9 ,7A4) 

GO TO 45 

40 WRITE(6,42) NAME 

42 PPRB AT(1H1/ IX/ ,40X,•PERPETUAI CIELA INDICATOR FOB 9 ,7A4) 
45 WPITE (6,4 8) LATDK,SGNLAT,LCNGCB,SCNLKG,CIBLB,SGNCIB 

48 FOBP. AT ( 1 X/3 1X # *LATITUDE = 9 , 6 A 1, 1 X , A 1,6 X , • LONGITUDE = 9 , 

1 IX,6A1, 1X,A1 # 6X,'OIBLA - 9 ,6A 1 , 1 X,A 1, 9 (PROB N) 9 ) 

WRITE (0,49) 

49 FORBAT(2(1X/) ,37X, 9 TIPE WHEN CIBLA IS AT GIVEN ANGLE TO SHADOW', 

1 9 OP VERTICAL CBJECT 9 //48X, 9 (• INDICATES NO SUCH TIME ON 9 , 

2 9 THAT DAT) 9 ) 

GO TO (1,2,3,4,5,6) ,N 

1 WRITE(6,21) 

21 PORBAT (2 (1X/) ,29X, 9 J A N U A R Y 9 ,51X, 9 F E P P U A B Y 9 ) 

GO TO 100 

2 IF(Y EAR.EQ.0 .AND. IDST.NE.O) WRITE(6,51) 

51 PORBAT(2(IX/),40X, 9 (IN APRIL, ADC CNE HOUR TO ALL TIBES 9 , 

1 AFTER LAST SATURDAY)•) 

WRITE (6,22) 

22 FORBAT(2(1X/) ,31X, 9 B A F C H 9 ,56X, 9 A F R I L 9 ) 

GO TO 100 

3 WRITE(6,23) 

23 FOR-AT(2 (IX/) ,33X, 9 B A Y 9 ,59X, 9 J U N E-) 

GO TO 100 

4 WRIT E(6,24) 

24 "ORBAT(2(IX/),32X, 9 J U L Y 9 ,56X, 9 A U C U S T 9 ) 

GO TO 100 

5 IP (YEAR.E9.0 .AND. IDST.NE.C) WPITE(6,52) 

52 Pr >RBA?(2(1X/) ,35l, 9 (IN OCTOBER, SUBIFACT CNE HOUR FROB ALL 9 

1 , 9 TIBES APTER LAST SATURDAY) 9 ) 

WRITE (6,25) 

25 PORBAT(2 (1X/) ,27x, 9 5 E P T E P B E P 9 ,50T,'0 C T 0 E E R 9 ) 

GO TO 100 

6 WRITE(6,26) 

26 PORBAT(2 (IX/) ,28X,'W 0 V E B E E R 9 ,50X,'D ECEBBER 9 ) 

100 WPITE(6,120) 

120 F0RBAT(1X/6X,59(1 H-) ,6X,59 (1H-)/6X, 

1 2(6X,'ANGLE (DEGREES) CLOCKWISE FFCB SHADOW TO Q1BLA 9 ,13X)/ 

2 2(6X, 9 DAY 0 45 90 135 180 225 270 

3 9 315 9 )/,6X,59(1H-),6X,59(1H-)) 

RETURN 

END 










ai/> 

J Ur '/>/-)X?/ 

- «;iC ) IfS t tC/ 1*^7 1 S^ ^>/t?>£ 

-ifiS. [ fSL/&'<L£ i 3 . '/fy'X&' y ?' / rr -* Jli> 
r , '*^<» Jy\w/i/Yi ft b> d-Jx'J 3 u^'tXr’-1 
fWVlA'r 

( i/fJj L>c»l 

•hs^or Jjf.i aJjlriL-rfi-'jJ'lsVs-isJy' ‘ y 

^yl sl/fab* l(\f 

V* 0* 

^t-b^iZX^j:i* V<^ 

- 4-y-^ZO t~' / I f'Zj.r.. 

Prediction o' Crescent's Visibility 


C *>Ror.RAN TO COSPJT c OBSERVATION DATA FCF NEW C F ESC ENT CbSERV AT ION 
C 

cccccccccccccccccccccccccccccccccc 

c 

C WHITTEN 3T 

c 

C S. KAflAl A3DALI 

C PATMENATICAL SCIENCES DEPARTS ENT 

C R FNS5 P LAER POLTTFCH NIC INSTITUTE 

C TROY # NEW YORK 1216 *1 # USA 

C 

c 

ccccccccccccccccccccccccccc^cccccc 

c 

C THIS PROOP A1 CPNPUTES A NO' PRINTS CUT ALFIANAC DATA FOR OBSERVIN'! 

C THE NOON ON ANY EVENIN'! 05 PR09AELE NEW CRESCENT VISIBILITY. 

C IT ALSO DETEPNINES THE lIKELl'lICCC CP THE fICON'S VISIBILITY 

C AS "HIGH", "SONS'*, OR " POOR" BASED CN THE AL3EIHUNI CRITERION. 

C (SEE ATTACHED WRITE-UP.) 

C THE NOON'S POSITION IS CONPUTED FRON TRIG SEP^ES VALID POR 
C THE PERIOD 1N00-2100 APPROXIMATELY 
C 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 



l)Ojl 



n n n t 


rjftfi&'crf *511 -J+Wl&li 

Pc«*d ic t iou of Crescent's Visibility 


C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


INPUT DATA TO DESCRIBE THE SHOULD eE OH UN IT 5, AS FOLLOWS. 

A CARD GIVING THE DATE AND THE GREENWICH HE AS THE OP THE HOST 
’ * ECFNT AS1RONOPTCAL "NFW PCCN r WHICH HAS CCCUREC DEEOHE THE-. 

EV EH I KG FOR WHICH THE CS ESCEN1 OBSERVATION CATA IS DESIRED. 

COL. 1 - 4: YFAR A.D. (1R00 THRO 2100) 

COL. 5 - B: SOUTH (1 THRU 12) 

COL. 9 - 12: DAY (0 THRU 31) 

COL. 13 - 16: noua (0 THRU 23) 

COL. 17 - 20: flINUTES (0 THRU 5S) 

Off CB SORE CARDS EACH GIVING THE LATE (S) OP THE EVENING (S) PON 
WHICH TIIC CRESCENT OBSERVATION DATA IS DESIBFD USING THE ABOVE 
"NEW HOON " TIH E. 

COL. 1 - 4: YEAR A. D. 

col. 5-0: hontii 

COL. 9 - 12: DAY 

COL. 15 - 34: TITLE WHICU WILL EE PRINTED ON DATA 

(E.G. "END Cf SUM IMF 1401") 

A CARL CONTAINING A ZERC IN CCLUHN 1 TC TEBPZNATE CO.NPUTAVICNS 
USING THE ABOVE "NEW -OON" THE. 

THE DATA CN LOGICAL UNIT 5 HAY HAVE ACRE THAN ONE SET, EACH 
OP WHICH CONTAINS FIRST A "NEW f!r*OS" THE, HEN S E V T it A L DATES 
FOR WHICH THE CRF.SCFNT CDSER V ATICN CATA IS REQUIRED, AND 
FINALLY A CARD CONTAINING A ZERO IN CCLUflN 1. THE PDOGRAH 
FXECUTION TFPniNATPS WHEN AN E ND-CF-F ILT IS ENCOUNTERED ON 
UNIT 5. 


TNPUT DATA ABOUT LOCATIONS SHOULD EE PROVIDED CN LOGICAL UNIT 7, 
WHICH SHOULD BE A “A?E OR DISK fill CAPABLE OF DEING REWOUND. 
FOR EACH LOCATION DESIlET, THE INPUT SHOULD INCLUDE THREE CARD 
INAGES WITH THE FOLLOWING DATA LAYOUT: 

CAFC 1: 

COL. * 1 - 2*: NAIF. OF PLACE. 

CARD 2: 

COL. 1 - 4: DEGREES IN LATITUDE CE PLACE. 

COL. 5 - R: IINUTTS IN LATITUDE Cf PLACE. 

COL. 9 - 12: DEGREES IN LONGITUDE CF PLACE. 

COL. 13 - 16: .UNOTES. IN 1CNGITUD! CE PLACE. 

COL. 17 - 20: DEGREES IN LONGITUDE CE STANDARD TIflE. 

COL. 21 - 24: flINUTES IN LONGITUDE CF STANDARD TINE. 

(NOTE: IE A LATITUDE C3 LONGITUDE I' NEGATIVE, ONLY ITS 

DEGREES PART SHOULD El PRECEDED BY A N1NUS SIGN.) 

CARD 3: 

COL. 1 - 4: IGNORED 

COL. 5 - fl: 1, IF DAYLIGHT SAVISG TIflE ADJUSTNENT REQUIRED, 

0, OTHERWISE. 

(NOTE: THIS ADJOSTFENT IS DC ME €1 AIDING CNF HOUR TO ALL 
TIflES FROfl THE LAST SUNDAY IN APRIL TC THE LAST 
SUNDAY IN OCTCBEB. 

(N 0 T E : THE DATA ON CARDS 2 AID 3 ARE ALL INTEGER. THEY 
SHCULD BE SIGHT-JUSTIFIED JH THEIR RESPECTIVE FIELDS.) 


CCCCCCCCCC 


c c c c c c c 


THE PBOGRAfl PRODUCES THE OUT"U7 CN ICGICAL OMIT 6. 
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Prediction of Crescent's visibility 
PEAL LAT,LOMG,lONGII,'STD:i 

R**t HGHA.ML!iA,HDCL, 1A 2 11, r. A LT , HA 21 Ml , M A IT 1 
cohhon /hath/ pi 

COHMCN/POSN/IA?, LA‘ r D,I.,\T-,LCMG, LCNGD , LCNGH ,LSTDI! 

COHHCM /T I HT3/ HDAT # r.TSUN # Ul'CN # SlHU»i # STCfL # , JTCVL 
COMMON /COOPD/ SDCL,51HA,SA21H,HGHA,HHCL,H10A,HAL7.MAZ11, 

1 DAZIN, ANODST, F.A ZI H1 , HALT 1 

T NT EG EH NAME (5) ,NEW MU* (5) , SfSNIAl, SGNI NG, SCNDAZ,RSGDST, PI HOST 
TMTEGSR AHPM, !II JOAT (S) 

INTEGER SY* (6)/IHU# 1HS, 1HE, 1EW, 1|!A,1HP/ 

IMTEGfP MONTH (12) / 3H JA R , 3H f EB , 311 r A B, 3IIA P P , 3IIH AY , 3HJUN, 3 H JU L, 

1 3HArtG. 3HSEP,3HOCT, 3HNnv,3HCEC / 

?FAL*fl POOP/* POOS */,SOHE/• SCHE */, 

1 HIGH/* HIGH */, VS3LTT 
PADIA*(I)•I*PT/1R0.0 

CEGREE(IDEG,MINUTE) *ISIGN (HI N»JT E , I DEG)/60. OIDEG 
10 BEHIND 7 

C SEA-) DATE AMD TIHE 0* ASTRCNCEICAL "IEN .-OOP". 

READ (5,20,END-260) MEWHOM 
20 •0BMAT(5I4) 

C READ DATE FOP BUTCH CRESCENT OBSERVATION DATA IS TO DE COHPUTED 
100 READ (5,105, r ND-26D) IY*AR I EC NTH,I i ATE,HIJDAT • 

105 rORMAT(3I4,2X,5A4) 

C TEST IT Etf D OF S FT OF DATES F*R WHICH PRESENT -MEW MOON" TIHE 
C TS APPLICABLE. END SEUTINEL HAS YEAR » 0 DATE. 

IF (IT EAR.EQ.0) GO TO 10 

C MOT A SENTINEL BUT A GOOD DATE. PRINT TAPLE HEADING AND CCHPUTE. 

• RITE (6,108) III JDAT , HOMTH (IHONTH) , IC ATE , I YEAR 
10* *ORHAT( I'll ,401, 'DATA FOR CRESCENT C bS E P V ATTON •/# 

1 1 (10 , ' END OF * ,5A 4/IX,A3,13,*,* ,14) 

NRITE(6,1 10) 

ISO PORHAT(1H0,6lX,* MOON *,1H *,* S POSITION AT S0NSET*,4X, 

1 AT CVL THILT*/60X, 32 (*-*), 1X, 12 (*-*)/24X,*IAT*,5X, 

2 •LONG• ,2X,*SUNSET* ,11,'MCCNSET*,IX,*CVTWLT’,2X,'AGE*, 

3 2*,* AZI.MTH* , 1X,*!IOP DG * , 1 X , • A L Y IT * , 2 X , 

4 • ANGLE•,1X,*AZINTH*,1X,*ALTIT',IX,'VSBLITY*,2X,*CRIT* 

5 /IX,*PLACE*,17X,*DG MN*,3X,*DG HN*,2X,*HR HN*,3X,*MB HN*,2X, 

6 * HR IN*,2 X, * HO OPS*,1X,*FROH M*,1X,*YR SUN* ,2X,* DEG *, 

7 2X,*rP SUN*,1I,* r RCH M*,2X,*DEG*,2X,'CHANCES*,21,*DIFF* 

• /IX,20 (*-*) ,2X,6(*-'), IX,7 ('-•) ,11,6 (•-*), 1X#7(*-*), 

• 1X,6(*-*) ,1X,5(*-'),IX,6(*-*) ,11,6(•-•) ,11,5(*“•) , 

A 1T,6 (*-•) ,1X,6 (•-') ,11,5.(*-*), IX,7 (•-•),21,4(•-•)) 

ns READ (7,120, F HD-250) N A1 T , L AT C, L AT H , LONGD , IONGM, l STD, LSTH, 1D3T 
120 *08-AT(SA4/614/41,14) 

CALL CONST (I*EAR) 

LAT-RAPlAN (DEGREE (LATD,LATH)) 

LCMG-RADIAN(DEGREE(LCNGD,LCNG-) ) 

LSTCH«DEGRE2(LSTC,LSTH)/15.0 
C FIND DEG IN NI MG AMD EMD OF DAYLIGHT SAVING PERIOD 
CALL DAYLIT (TYEAR,LFAP,I1ST,EEGCST,FINDST) 

C PTMD DAY NOMPER OM GIVEN DATE. 

NDAY-MUHDAY (I YEA B ,I HCNTI!, I D AT E, L f AE) 

C FIND SUNSET TIHE, CIVIL TWILIGHT TIHE, H00N*2 POSITION AT 
C SDN S*I AMD AT CIVIL TWILIGHT, AND HCCNSET TIHE. 

CALL SUM SET 
CALL CIVIL 
CALL MPOSIT 
CALL HP0S1 
CALL HUMSET 

C PMFPARE FOR PRINTING THE COSEDV AT IC ML CATA 
tATABS*IAES(LATD) 

SGNLAT-SYH (1) 

IF(LATD.LT.O) SGHLAT-SYM (2) 

LA fH1*LATM/10 
LATM2 X H0D (LATH,10) 

LMGADS-IALS (LCNGD) 

SGMLNG* SYM (4) 

IF (LONGD.LT.O) SGWLNG-SYH (3) 

IChGH1* LOMGH/ 10 
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Prediction oT Crenceut'* visibility 
lCNGP.2*r;CO(LONG1 # 10) 

C »RR*0RR DAYLIGHT SAVING TI HF ACJOSTFINT. 

IF (NDAY.LT.0 EGD3T .OR. MDAY.GE.FINDST) GO TO 220 
ST3Un*5TSUM»1.0 
STRUN=STRUN* 1. J 
SICVL«STCVL» 1.0 
220 I HR SUN* STSU'I 

C CONVERT TI.RFS INTC A. 5. OR F. M. HCUFS AFC- (BCONDEC) RINJTES. 
NNSI1N- (ST5UN- HIBSON) *60.0*0. 5 
IF (H N S *J N. IT.63) OC TO 222 
?MSUN*0 

IHRSUN-IHRSONO 
222 IHRSUN-THRSUN-12 
RNSUK1-NNSUN/10 
RNSUi2*HGD (HMS'J'1,10) 

IHRCVL-STCVI. 

RNCVL*(STCVL-IHPCVL)*60.0*0.5 
IF (HNCVL.LT.60) GOTO 223 

RNCfL-0 

IHRCVL-IIIRCVLO 
22 3 IHRCVL-IHRCVL-12 
RWCVL1-HNCVL/10 
RFC V L 2* ROD(RNCVL, 10) 

IHRR0N*5TRUM 

R N H U N *(STH0N-IMRHUN)•60.0»0.S 
IF (HNRUN.LT.60) GO TO 22% 

RNRUN-0 

IHR.RUN*inRRUNM 
22% ARPR-SYR (5) 

IF (I'fPRU'l.L r .12) GO TC 230 
AFPR* SY" (6) 

IHRHUN-IHR.1UM-12 
230 RNRUM1-NMRUN/10 

HNRU M2* ROT) (HN.RUN, 10) 

C COHPnTE BOON'S AGE AT SUNSET 

AGE*UTS UN- (N P WRUN (S) /6 0.0*NEbF r JK(4)) • 

1 (NDAY -NIIRDA Y (MEWON ( 1) ,NEW FUN (2) , NkWRUN ( 3) , LCA?) ) * 24. 0 
PAZAPS*ADS ( PA 7 1.1) 

5GN CAZ* SYR (1) 

TF (PA7IR.LT. 3.0) SGNDAZ*SYN (2) 

THRESH*(-0.97143E-2*DAZABS-0.13714E- 1)•PA7APS ♦ 10. 1743 
CIPf ER« (HALT-T HR ESII) /THPFSH 
VSBLTY-SCRE 

IF (DIFFER.LT.-0.1) VS3LTY=POOR 
IF (DIFFER.GT.O.1) VSniTf*HIGU 

WRITE (6,240) RARE, LAT AB5, L A1H 1. L AT R 2 , SON L AT , LNG'.PS , LONG.11, 

1 LONGR2 # SGNLNG # I HF.SUN , R NSU *41., RN 5 U M2 , I !l!( HD N # .RN **J N 1 , .RN.Rfl N 2, 

2 AHPR,THRCVL,.RNCVL1 , HMCVL2, 

3 AGE,RAZIR,DAZA3S,SCNDAZ,FAIT,AKGDS1,RA 2 INl,FAL?1,VSEITT 

4 ,DIP pp R 

240 FORRA?(1X # 5A4,2X # I2, * # 2I1,A1 # 11 # I 3 # • , ?. II, A 1, 1 X, 12 , •: • , 211, 

1 'P',21,12,•:" # 2I1,A1,1l,X2 # f : •,211., 

2 IX, FS. 1 , 1X,F5. 1,' «• , IX,F5. 1, Al, IX, k5. 1 , IX, 

3 r r .. 1,2X,F5. 1, 'if', 1X,F5.1,2X,A6,1X,I5.2) 

GO TC 115 

3 REWIND 7 
GO TO no 
260 wn:r«(6 # 270) 

570 r ORH A T ( I'll) 

STOP 

MD 


•UNCTION NU.rDAY(Y # R # C,lEA n ) 

( .RrTU®;i5 PAY MO. TN YEAR Y CF CATE C IN r C NT II R 
< LEAP-1 IF YEAR 13 L2AT, 0 Ik NCN-lEAF 
I NT r «#FR Y,H,D,LEAP 

NURCAY-D* (K- 1) • J0*5*R/0- ("♦ I) / 10* (2-1 * AP) 
RETURN 
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PrriLet Ion of Croscont'a Visibility 

5*0 

C 

c 

SUDPOUTINE 1 POSIT 

CO"”tlT*S .ICON'S POSITTCN AT SUNSET TIFF (MAT, UNIVERSAL TIHP UTSUH 
r NGIIA.NLHA# NDCL ■* NOON'S f.HA # LHA , DEC l IKAT ION 

C NALT,«AZTN, A NGOST* flOCN • S A LTIT U CE # AZI PUT H , A NSUL A R OIST FBCH SUN 
C D A 7.1 * = NOON'S AZ.NUT H D 1 FFEHE NCE ( • IF NCflH) FROfl SUN 
C ■»ALT1,NAZIN1=NC0M'S ALTTTUDE#A 31 PUTH AT F NO OF CIVTL TWILIGHT 
PEAL LAT# LONG# LONG!!# LSTDH 

REAL NGH A, NLHA# NDCL, NA7IN# NALT# PAZIN1#HALT1 
CC.NHON /NATH/ PT 

CONSCN/PCf N/t AT# LA?D# LAIN# LONG, LCNGD # 10NGH # LST Dll 

COUHCN /TIRES/ NO A Y # STSU * # UT S C K, ST PU K # STC VL# UTC VL 

CONNON /COOPC/ SDCL#SLHA,SAZIN,NGHA#''DCL#NlHA,SALT#nAZIN# 

1 nAZin#ANGOST,NAZI Pi#HALTI 
PANEL IST/* POS/N DAY #UTSU*# DA YS,rtGh A #HIIIA,NDCI#.N ALT, NAZIS# 

1 5AZIN#CAZIP#A WOOST 
CALL N HA DCL(UTSUN) 

•LHA* NGHA-LOMG 

NALT»AR5IN(SIN(.NDC1) •SIN (LAT) *CCS (HCC l) • COS (LAT) •COS(NLMA) ) 
NAZTP*ABS (ATA N2 (ST * ( NLU A ) # CCS (LAT) *T AN (NDCL) -SIN (LAT)‘COS (flLHA) )) 
SI.HAR«SLHA*PI/12.0 

SAZIN-A8S (ATA N2 (STN (SLHAR) # CCS (LAT) •TA'I(SDCL) -SIN (LAT) 

1 •COS(SLMAP))) 

**ZIN» SAP. IS-NAZIS 
M.TSUN=-0.033333*PI/180.0 

A *GDST C A TCOS (SIN (ALTSUN) •SIN (TALT) *CCS (A ITSUN)^COS (SALT)• 

1 COS (DA7.IS) ) • 1 BO. O/PT 
NALT-NALTMPO.O/PI 
PAZIH-NAZISMPO.O/PI 
DAZIN*DAZIN*180.0/ n I 
C WRITE(6#HP0S) 

PFTUSN 
ENTRY HP031 

COMPOTES NCON'S POSITION AT 2*D OF CIVIL TWILIGHT 
CALL NHADCL (UTCVl) 

NLIIA 3 NGH A-LONG 

*A LT 1 s A P SIN(SIN(NDCL)*SIH (LAT)♦ CCS(NCCL) •CCS (LAT)•COS(SLHA)) 

. } MAO.O/PI 

NAZI Pl-ABS (ATA N2 (STN (FILIIA) #CCS (LAT) •TAN(SDCL) -SIN (LAT) • 

.1 COS(NLHA)))•IPO.O/PI 
RETURN 
• WO 

SUBROUTINE NONSET 

COSPUTES TINC CF HOONSET ON GIVE* CATE 

C UTS'JN, ST NUN "UNIVERSAL TISE(IN D A Y S) , ST A *C A PD TINE (IN HRS) OF NOONSET 
C OTSUN-UNIV. TINE OF SUNSET, USED AS FIRST APPROX. TC NOONSZT TINE 
REAL N1IGAO # NOHA 1 # NLIIA0.NLHA1 
REAL LA T # LONG,LG NGH # LSI DM 
REAL NGHA # NLRA#NDCL#NAZTP#F.ALT# NAZIS 1 # NALTI 
CONNON /NATII/ PI 

CON.NCN/POSN/I AT#LATD#LATN,L0KG#LCMGD#10MGH#L5TD!I 

CONNCN /TINES/ NDAY,STSUN#UTSCK#STNUN#STCVi#UTCVL 

CONNCN /COORC/ SDCL#SLIIA#S.\ZIN, *GHA,HCCL#NLHA#SALT # NAZIN# 

1 nAZIN,ANGDST#PAZI M#HALT1 
DOUDLE PRECISION DAYS 
STN UN * 1.ORN 
UT.NUN-0T3UN/24.0 
DAYS-NHAY*UTNON 
CALL N HA DCL(UTSUN) 

NGflA 1 *NGH A 
NLflAO s NGHAl-LONG 
r '5LUA = l4T.U1*PI/1N0.0 

COS LI! A* (0.00233-SIN (LAT)*SIN (NDCl) ) /CCS (LAT) /COS (N SIC L) 

I p (ADS(COSLHA).GT.1.0) BETUWN 
NLIIA 1 3 A RCOS (COSLHA) 

|U -- >jI 
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Prediction of Crescent's Visibility 
0PLTI1- (1LIIA 1-RLH AO)/DELHA 

IF (CELTI1.LT. -0.5) DELTM*DELTIFO.O*P:/CCT.HA 
ip (DELTIR.GT. eO.S) BELT IP= CELT I F-2.O^PI/CELHA 
UTR0R*UT1UN*DELTI1 

10 IP (DRLTX1.LT.0.005) r.CTC 20 
1G1IA0-RGHA1 
NLHA G"R LR A 1 

CALL RHADCL (U?1UN*24.0) 

RGH A 1■1GH A 

CFLHA"(RGHA1-RGMA0)/DELT 11 

IP (DELHA.LT.0.0) PDLnA«DELHA»2.0*FI/CELTIP 

COSLHA" (0.00233-SIN (LAT)•SIN (RDCl))/CCS(LAI)/COS(RDCL) 

IF (ADS(COSLHA) .GT. 1.0) FETUFN 
ILHAI-ARCCS(CCSLHA) 

CELTII" (1T.HA 1-1LHA0) /DELRA 
CTR0N"UTRUN*DELTI.1 
GO TO 10 

20 STHUN*UTRtlN*24.0-LSlDH 
RETUBN 
END 

C FINDS WHETHER YEAR IS LFAP (LEAP • 1 IF YES, C IF NC) . 

C IF IDST IS NON-ZERO, THEN ALSO 

C CPRPUTES DAY NOS. FOR DAYLIGH1 SAVIFGS T Ifl F START AND END. 

C DAY NO. OF LAST SUNDAY OF APRIL (BEGIN) AND 
C OAT NO. OF LAST SATRDAf OP CCTCBER 

C IP IDST IS ZERO (DAYLIGHT SAVING TI1F NCT OBSERVED), THEN RAKES 
C RANGE OP DAYLIGHT DAYS FHFTY BY SETTING 0 EG IN,PINISM"367,0 
INTEGER YEAR, BEGIN, • IMS H , A PR 30 , CCT 3 1 
LPAP-0 

R4-BCD(YEAR,400) 

R1"RCD(Y EAR, 103) 

IP (B4.EQ.0 .OR. H1.NE.0 .AND. PCD (Y l AH,4) .EQ.0) LEAP" 1 
IP (IDST.NE.0) GO TO 10 

C DATLTGHT SAVING TINE NOT OBSERVED. SET DAYLIGHT RANGE TC ERPTY 
RFGIN*367 
PTNISH-0 
RETURN 

C JANO,APR30 # OCT31 * CAT OP WEEK CN TIICSF CATES (FR 1=0,SAT* 1,SUN«2,...) 
C NAPB30;NOC?31 * NO. OP DAY IN YEAR CN 1HCSE DATES 
10 JAN0"NOD(H4/100M24* 1*Hi*11/4-LEAP,7) 

NAPR30-31 OflUEAPOl OO 
NOCT31"365^LEAP-11-30 
APR30*1O J DJNA?H30»JAN0, 7) 

0CT31*1OC(NOCT3WJAN0,7) 

P*GIN«NAPB10*2-APR30 

IF (BEGIN.GT.NAPR 30) BEGIN"BEGIN-7 

F INISH«NOCT31H-CCT31 

IF(FINISH.GT.NOCT 31) FINISH*FINISH-7 
RETURN 
END 
C 
C 

SUBROUTINE RII ADC L (UT) 

C CCR FUTSS BOON'S GIIA AND CECL AT UNIV. HIE 'JT ON NDAY 
C USES SERIES VALTD POR PERIOD 18CC-1900 APPROX II AT ELY 
C REFERENCE: AL1ANAC POR COR PUT ER £, 1978. (WE HAVE TRUNCATEO THE 
C SERTPS 10 OBTAIN SUPPICTENT n 3ECISICA FCF CUR PURPOSE) 

REAL LAT,LONG,LONGH,LSTDH ,LTSUN 

REAL 1GH A , 1LIIA , RDCL, PAZIR, HALT, PAZIR 1, HALT 1 

CORHON /RATH/ ?I 

C01RCN/PCSN/LAT, LATD , L AT R, LO FG, LC SGC, LCNGR,L5TCil 
CQ110N /TIRES/ NDAY,STSUN,UTSIN,S1RCN,STCVL,UTCVL 
C01SCN /COORD/ 5DCL,SL!!A,SAZIB, FGBA, P CCL, RLH A, 1ALT, R A 11 R, 

1 DAZIR,ANGD5T,RAZIR1,-ALT1 
DOUBLE PRECISION D1CD,DATAN 

DOUBLE PRECISION T, CP I, DR A D, DEGR F « rrFG,SEC,DX 
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Prediction of Crescent's visibility 7 

DOUBLE PRlCISinv GO,AO,CO,*0,DO,P0,lC,WO,CESTO,DG,IA,DC,DN,D0, 

1 DR,OE,04,00*S? 

PEAL G,A,C,N,D,D,0,W,G15T,HBA 

DRAC(DEGREE)=DIOC(D l GREE,360.ODJ)*DPI/180.000 
DOEG(IDFG,BIN,SEC) *SEC/360 0. 0 DO ♦ E I M/60. 0 CO ♦ I DEG 
DHOUF (IHOUR , 11I, SEC) -DO EG (IHO’JB ,BIP,SYC) 

DAYS-POAY*UT/?4.0 
G= DP A D(GO *DAYS*DG) 

A-DRAD(A0*0AY5*0A) 

C-DRAD(CO*DAYS*DC) 

M-ORAD(PO^OATS*OR) 

D-DRAD(DOOAYS*DO) 

B-DBAD(RO*DAYS*DB) 

P«OPAD(EO*DAYS*DE) 

«=DRAD(WO*DAYS*Din 

GBST-DRAO(GHSTO* IS . 041 06 *639500• tl ♦ N C A Y* DGBST) 

THE?A*-0.01434*S2R(G*B-2*D*P)-0.01652*SIN(A*G*0-2*D*N) 

1 -0.01869*SIP (2* A * B- 2* C ♦ 1) 0.027*51H (2*A*R*N) -0. 02994* SI M (A-B-2*D) 

2 -0.03759*SIP(G*B*H) -0.03482*SIN (G-B - R) *0. 04732*SIR (BO*C*R) 

3 -0.0477 1 •SIM (B-P)-0.06505*SIN(A*B-2*D) *0. 13622*SIN(A♦ B) 

4 -0. 14511 -SIN (A- B-2* D- K) -0. 18 354*5 IN (P-2*r)-0.20017*SIN (B-2*D*H) 

5 -0. 38894® SIN (A*B-2*D*P) ♦0.4024 8 •SIR (A-D) *0. 659-* 3* SIR ( A *B*N) 

6 *1.96763*SIR (A-B-P) ♦4.95372*SIN (B)♦23. 896e4•SIM (E♦R) 

PRO- 1. 50 5 34 *005 f A-2® B) - 1.674 17*C0 S (A ♦ 2 • D ) ♦ 1. 994t>3*COS ( A ♦G) 

1 ♦2.07579*COS (0)-2.4S5*CCS (A-G)-2. 740€7*COS(A♦G-2*D) 

2 -3.03OO2*COS (G— 2•D)-5. 37817*COS (2* A)*6.60763*CCS(2*A-2*D) 

3 -53.9762G*COS(2*D)-68.f 21S2*COS(A-2*C)- 395. 1367*COS (A) 0649. 3 37 
PHI-0.0 1 122*3 IN (A♦2*D) ♦0.0l4l0*SIN (A-2*D-R) 

1 *0.0141*SIN (A*2*B-2*D*P)*0.01424*S1P(A-2*B) 

2 *0.01506*STN(A-2*B-2*C-2*P)-0.01567*51*(2*B-2*D) 

3 ♦0.02Q77*SIM (2*8-2*D*2*P)-0.0252 7*SIR(A♦G)-0.02452*31S(A-H) 

4 -0.02952*SI1 (A*2*B*P)-0.03887*SIP(C)O.0 3684*SIN(A-G) 

5 -0.C3983*STR (?*D»M) *0.0340 3 *SI » (2*6-2*D® H) 

6 ♦0.040 37*519 (i*2*B-2*C*2*N) «0.04221*SIP (2*A)-0.04 27 3*SIN (G-2*D) 

7 -0.05566*SIP (2*A-2*D)-0.056S7*SIH (A*0-2*0)-0.06846*SIN (A»2*B*2*N) 

8 -0.08724*SIP(A-2*D-P) -0.08724*SIP (AO) -0. 11 46 3*SIN (2*B) 

9 -0. 1864 7*S14 (G)-0. 204 17*SIM(A-2*B-2*4) *0.596 16*SIN (2*D) 

A ♦ 1,07142*SIIi (R) -1.0744^*5IS (2*B*R)-1. 2BC5I* SIR (A-2*D) 

B -2. 4797 0* SIR (2*0*2*91) *6.32462*SIN (A) 

HRA-C*APS IR (PHI/SQRT (PIIO-THE1 A*T HETA) ) 

RBCL-ARSIH (TH«TA/SQRT(PMC)) 

BGHA-A10D(GHST-BRA*2.0*?I,2.0*PI) 

RETUR4 


. _J4Tt Y COJIST(MYEAR) 

C COBPOTES ASTRO CONSTANTS FCF JAR 0 CP CIIIIN YEAR 

C R DAVS • TIB E FROM 12 HR (4004) # JAR 0, 1900 10 0 HP, JAN 0 GF RTEAH 
C T - SAHE T 4 JULY*!! CEPTUPY*S (UPITS CP 36525 DAYS) 

CPI-CATAP(1.0DO)*4.0 DO 
PT-DPI 

PLAYS-(RYEAR- 1900)* 365* (RYEAR-1901)/4 
T-(PDAYS-0.5DC)/36525.09C 

GO-DBOD(-1.5C-4*T*T*354.475833D0^35999.0497500*1,360.0P0) 

AO-DROP (9. 192D- 3*T*T*296. 104608D0♦ 4 77 1 98.8 491 08D0*T , 360.0D0) 
C0-DHO9(-1.133D-3*T*T*27Q. 4 34 1 64 C C*4 8 1267. 883142D0*T,36 0.0PO) 
RO-DHOD(2.078D-3*T*T*259.18327500-1934. 142C0 8D0*!,360. ODO) 
OO-OROD (- 1.4 36D-3*T*T* 350. 737486C 0^44526 7. 114217D0*T, 360. )00) 
EO-DBOD(-3.21 ID-3*T* T*1 1.25088400*483202.0251500*1, 360.090) 
EO-CBOD (48. 74 8753C0* 35999. 3728 66C0*!,360.0CO) 

M0-DB04(3.1D-4*T*T*342.767053D0*58514.21191100*1,360.000) 

GUSTO-DROD(3.03D-4*T*T*95.69Q9833D0*36000.76892D0*T # 360.ODO) 

DG-35999.0497540/36525.ODO 
9A-477148.84110800/36525.000 
CC-4 81267.4B 314200/36525.ODO 
0P—1Q34. 14200800/36525.000 
DD-445267.114217D0/36525.ODO 
po=48320?.02515O0/36525.0O0 
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Reliction of Crescent's Visibility 


DP-35999. 372996D0/36525.0D0 
CM-5B519.21191 IDO/3652*.CDQ 
"GUST- 36000.76992D0/36525.0D0 

CONPUTE CONSTARTS OP SUN'S PCTICA PCS JAI 0 CP GIVEN TCAB 

NDAYS * TlflZ P PCI 12 HR (NOON) , JAN 0, 1900 10 0 HR, JAN 0 OP NT CAR 
T ■ 5AHE IN JULIAN CENTURIES(UN ITS CP 3E525 DATS) 

ORL • OPLTQUITT CF ECLIPTIC 

DG, DGNST , DELS ID ■ DAILT NOTION (CHANGE) IN SUN'S ANON ALT , 

SUN'S NPAN LONGITUDE, SIDEFEAl TIP! 

G9,SNL9NG0,5IDTN0 « SUN'S NEAN A NON AlT, SUN'S NEAR LONGITUDE, 
SIDEREAL TIHE, ALL AT 0 HR, JAN 0 CF TEAT. N YEAS 
C 1,C2 » COEFFICIENTS IN FQUATICI CF C!NT!B 

OBL- CRAOODEG (2 3,2 7, B.26D0) -DDEG (0,0,46.04500) *T) 

SNLNGO=DNOO ( 3. 0 3D-4 *T*T♦ 27<>. 696678CO* 16000.76092D0*T, 360.000) 

C FLSID- DH03R (2400,3,4. 54 2D0) /36525. OCO 

H-DIIOUB (6,39,4 5.036 00) *0100 (DHOUR (2400,3,4. 54 2D0) •T,24.0D0) 
3TDTN0- DNOD(DI,24.0D0) 

C1«3RAD(DC£G(1,55, 10. 057D0)-DDKG(0,0,0.052 00) *T*T- 
1 DDEG(0,0,17.2400)*T) 

C2-ORAD(DDEG(9,1,12.334DO)-DDEG(0,0,0.361DC) *T) 

C WRITE (6,CON STS) 

RETURN 

C 

ENTRY SUNSET 

NAflTLIJT/S.NST/LONGII,LTSON,NCAT,DAT5,3lCNG, FA, 50CL, SLHA, UISUN, 

1 ST5UN 

C SNLNG » SUN'S SEAJ LONGITUDE AT TIE10, SLCNG « TRUE LONGITUDE. 

C RA ■ SUN'S RIGHT ASCENSION, SINCCL ■ SIMSUN'S OECLI NATION) 

C SLHA ■ SON'S LOCAL HOUR ANGLE NIST 

C LTSn N, STS'J N, UTSU 'I * LOTA!, STANDARD, UNIVEPSAl TIHE OF SUNSET 
LONG II “LONG* 12./PT 
LTSJN-14.0 
DO 10 1-1,2 

DATS-UDAT*(LTSUN*L0NGR)/24.0 
ANOHLY-DRAD(G0*DG*DAYS) 

SNLNG-DRAD (SNLHGO*DCH5T•DAYS) 

SLOKG-SHLNG*C1*SIN (ANCNLT) *C2*SIN ( ANCNLY* 2) 

RA= ATAN2 (COS (ODL) *SIN (SLONG) ,COS (SIC KG) ) • 1 2. 0/P.T 
T* (RA.LT.O.) HA-R A » 24 .0 
SINDCL-SIN (OBL) • SIN (SLONG) 

S'KTL-AOSINfSINDCL) 

COS II A* (-0.014543 n -SINDCL*3IN (LAT) )/(SGRT (1 .0-SIMDCL**2) *COS(LAT) ) 
C IP COS (SLHA) >1, THEN TINE C\NN01 NS IVAlUATfD 
IF (ARS(COSHA).GT.1.0) RETURN’ 

SLHA-ARCCS (COSHA)•12.0/PI 
LTSUN»SLHA*RA-DELSID*DAYS-SIDTNO 
IP (LTSUN.LT.9.) LTS0N«LTSUN*24.0 
IF (LTSUT.ST.24.0) LTSUN-LTSUN-24.0 
10 CONTINUE 

OTSUN«LTSON*LC.NGII 
STS US *UT5 UN-L STD !l 
C WRITE(6,S NST) 

RETURN 

C 

ENTRY CIVIL 

CONFUTES TINE OF *ND OP CIVIL TV!LIGHT (SON'S ZENITH DIST - 96 DEG) 

C THIS POnTINE NUST 3E CALLED APIER CALLING SUNSET 
C S1LNG,SLONG,RA,STNDCL,SLHA AS ABCVE (FCA SUNSET ABCVE) 

C LTSON,STCfL,U^CVL * LOCAL,STANDAID,UNIVUSAl IIHE OP CIVIL TWILIGHT 
COSH A-(-0. 10 45205-SINDCL*5IN (LAT))/(SCRT(1.0-SINDCL**2)*COS (LAT)) 
C IP COS(SLHA)>1# THEN TINE CANNCT BE EVALUATED 
IP (ABS (COSIIA). GT.1.0) RETURN 

LTSON-ARCOJ(COSHA)•12.0/PI♦IA-DELSII•CATS-SIDTNO 

TP (LTSUN.LT.0.) LT3UN-LTSUN*24.0 

IP (LTSUN.GT. 24. 0) LTSUN-LTS01-24. 0 

UTC Vl-LTSUN* LCNGH 

STCV L-UTCVL-LSTDH 

RETURN 

END 
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e>r> ' 

2 ' LOGARITHMS OF NUMBERS 


fl 


1 

a 

3 

eat 

7 8 9 

J 

ADD 

1 

2 

3 

v. 

5 6 

7 8 9 



0043 

0086 

0128 

0170 

0212 





42 


8 13 

17 21 25 

29 34 38 







0212 

0253 

0294 

0334 

0374 

40 


8 12 

16 20 24 

28 32 36 

11 

0414 

0453 

0492 

0531 

0569 

0607 





39 


8 12 

16 19 23 

27 31 35 







0607 

0645 

0682 

0719 

0755 

37 


7 11 

15 18 22 

26 30 33 

12 

•0792 

0828 

0864 

0899 

0934 

0969 





35 


7 11 

14 18 21 

25 28 32 







0969 

1004 

1038 

1072 

1106 

34 

3 

7 10 

14 17 20 

24 27 31 

KD 

•1139 

1173 

1206 

1239 

1271 

1303 





33 

3 

7 10 

13 16 20 

23 26 30 

Mg 






1303 

1335 

1367 

1399 

1430 

32 

3 

6 10 

13 16 19 

22 26 29 

D 

•1461 

1492 

1523 

1553 

1584 

1614 

1644 

1673 

1703 

1732 

30 

3 

6 

9 

12 15 18 

21 24 27 

15 

•1761 

1790 

1818 

1847 

1875 

1903 

1931 

1959 

1987 

2014 

28 

3 

6 

8 

11 

14 17 

20 22 25 

16 

2041 

2068 

2095 

2122 

2148 

2175 

2201 

2227 

2253 

2279 

26 

3 

5 

8 

10 13 16 

18 21 23 

17 

•2304 

2330 

2355 

2380 

2405 

2430 

2455 

2480 

2504 

2529 

25 

2 

5 

7 

10 12 15 

17 20 22 

18 

2553 

2577 

2601 

2625 

2648 

2672 

2695 

2718 

2742 

2765 

23 

2 

5 

7 

9 12 14 

16 19 21 

19 

•2788 

2810 

2833 

2856 

2878 

2900 

2923 

2945 

2967 

2989 

22 

2 

4 

7 

9 11 13 

15 18 20 

20 

•3010 

3032 

3054 

3075 

3096 

3118 

3139 

3160 

3181 

3201 

21 

2 

4 

6 

8 11 13 

15 17 19 

21 

3222 

3243 

3263 

3284 

3304 

3324 

3345 

3365 

3385 

3404 

20 

2 

4 

6 

8 10 12 

14 16 18 

22 

•3424 

3444 

3464 

3483 

3502 

3522 

3541 

3560 

3579 

3598 

19 

2 

4 

6 

8 10 11 

13 15 17 

23 

•3617 

3636 

3655 

3674 

3692 

3711 

3729 

3747 

3766 

3784 


2 

4 

6 

7 

9 11 

13 15 17 

24 

•3302 

3820 

3838 

3856 

3874 

3892 

3909 

3927 

3915 

3962 

18 

2 

4 

5 

7 

9 11 

13 14 16 

25 

•3979 

3997 

4014 

4031 

4048 

*'065 

4082 

4099 

4116 

4133 

17 

2 

3 

5 

7 

9 10 

12 14 15 

26 

•4150 

4166 

4183 

4200 

4216 

4232 

4249 

4265 

4281 

4298 


2 

3 

5 

6 

8 10 

11 13 14 

27 

•4314 

4330 

4346 

4362 

4378 

4393 

4409 

4425 

4440 

4456 

16 

2 

3 

5 

6 

8 9 

11 13 14 

28 

•4472 

4487 

4502 

4518 

4533 

4548 

4564 

4579 

4594 

4609 

15 

2 

3 

5 

6 

8 9 

11 12 14 

29 

•4624 

4639 

4654 

4669 

4683 

4698 

4713 

4728 

4742 

1757 


1 

3 

4 

6 

7 9 

10 12 13 

30 

•4771 

4786 

4800 

4814 

4829 

4843 

4857 

4871 

4886 

4900 

14 

1 

3 

4 

6 

7 8 

1011 13 

31 

•4914 

4928 

4942 

4955 

4969 

4983 

4997 

5011 

5024 

5038 


1 

3 

4 

5 

7 8 

10 11 12 

32 

•5051 

5065 

5079 

5092 

5105 

5119 

5132 

5145 

5159 

5172 


1 

3 

4 

5 

7 8 

9 11 12 

33 

•5185 

5198 

5211 

5224 

5237 

5250 

5263 

5276 

5289 

5302 

13 


3 

4 

5 

7 8 

9 10 12 

34 

•5315 

5328 

5340 

5353 

5366 

5378 

5391 

5403 

5416 

5428 


1 

3 

4 

5 

6 8 

9 10 11 

35 

•5441 

5453 

5465 

5478 5490 

5502 

5514 

5527 

5539 

5551 


1 

2 

4 

5 

6 7 

8 10 11 

36 

•5563 

5575 

5587 

5599 

5611 

5623 

5635 

5647 

5658 

5670 

12 


2 

4 

5 

6 7 

8 10 11 

37 

•5682 

5694 

5705 

5717 

5729 

5740 

5752 

5763 

5775 

5786 



2 

3 

5 

6 7 

8 9 10 

38 

•5798 

5809 

5821 

58321 

5843 

5855 

5866 5877 

5888 

5899 



2 

3 

5 

6 7 

8 9 10 

39 

•5911 

5922 

5933 

5944 1 

5955 

5966 

5977 

5988 

5999 

6010 

11 

1 

2 

3 

4 

6 7 

8 9 10 

40 

•6021 

6031 

6042 

60531 

6064 

6075 

6085 

6096 

6107 

6117 


1 

2 

3 

4 

5 6 

7 9 10 

41 

•6128 

6138 

61 4*7 

61601 

6170 

6180 

6191 

6201 

6212 

6222 


1 

2 

3 

4 

5 6 

7 8 9 

42 

•6232 

6243 

6253 

6263| 

6274 

6284 

6294 

6304 

6314 

6325 


1 

2 

3 

4 

5 6 

7 8 9 

43 

•6335 

6345 

6355 

6365 

6375 

6385 

6395 

6405 

6415 

6425 

10 

1 

2 

3 

4 

5 6 

7 8 9 

44 

•6435 

6444 

6454 

6464 

6474 

6484 

6493 

6503 

6513 

6522 


1 

2 

3 

4 

5 6 

7 8 9 

45 

•6532 

6542 

6551 

6561 

6& 7 ‘ 

6SP0 

6590 

6599 

6609 

6618 


1 

2 

3 

4 

5 6 

7 8 9 

46 

•6628 

6637 

6646 

6656 


6676 

6684 

6693 

6702 

6712 


1 

2 

3 

4 

5 6 

7 7 8 

47 

•6721 

6730 

6739 

6749 | 

67S6 

6767 

6776 

6785 

6794 

6803 


1 

2 

3 

4 

5 5 

6 7 8 

48 

•6812 

6821 

6830 

6839 

6^o 

6857 

6866 

6875 

6884 

6893 

9 

1 

2 

3 

4 

5 5 

6 7 8 

49 

•6902 

6911 

6920 

6928 

6937 6946 

6955 

6964 

6972 

6981 


1 

2 

3 

4 

4 5 

_ 

6 7 8 


USEFUL CONSTANTS WITH Th€<A LOGAkITHMS 



No. 

lot. 


No. 




No. 

Lof 

f 

314159 

0 4971 


/ 57° 296 


1 7581 

e 

2-71428 

0 4343 

1 

* 



t radit^ 

3437*7 


3 5363 

M 

0-4343 

T 6378 

0 3183 

7-5029 


' 2002^5” 


5 3144 

1 

2-3026 

0 3622 

H 

9 8696 

0 9943 

JfC H 

0 017 453 

293 


M 

* i l0 ‘" 

tf 


0 2486 

■»rt 4 

0-000 290 

888 


log. 

r 

4 

3" 

4 1888 

0 6221 

4r C I*' 

0 000 009 

8 I 2 

<’ 6t »S& 

|o£,. *>gc 
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| A A --- 













Afl 

LOGARITHMS OF NUMBERS 





•6990 
•7076 
•7160 
•7243 

54 -7324 

55 -7404 

56 -7482 

57 -7559 

58 -7634 

59 -7709 

60 -7782 

61 -7853 

62 -7924 

63 -7993 

64 -8062 

65 -8129 

66 -8195 

67 -8261 

68 -8325 

69 -8388 

70 -8451 

71 -8513 

72 -8573 

73 -8633 

74 *8692 

75 -8751 

76 -8808 

77 -8865 

78 -8921 

79 -8976 

80 -9031 

81 *9085 

82 -9138 

83 -9191 

84 -9243 

85 -9294 

86 -9345 

87 -9395 

88 -9445 

89 -9494 

90 -9542 

91 -9590 

92 -9638 

93 *9685 

94 -9731 
• 

95 *9 777 

96 -9823 

97 -9868 

98 -9912 

99 -9956 


6998 7007 7016 
7084 7093 7101 
7168 7177 7185 
7251 7259 7267 
7332 7340 7348 

7412 7419 7427 
7490 7497 7505 
7566 7574 7582 
7642 7649 7657 
7716 7723 7731 

7789 7796 7803 
7860 7868 7875 
7931 7938 7945 
8000 8007 8014 
8069 8075 8082 

8136 8142 8149 
8202 8209 8215 
8267 8274 8280 
8331 8338 8344 
8395 8401 8407 

8457 8463 8470 
8519 8525 8531 
8579 8585 8591 
8639 8645 8651 
8698 8704 8710 

8756 8762 8768 
8814 8820 8825 
8871 8876 8882 
8927 8932 8938 
8982 8987 8993 

9036 9042 9047 
9090 9096 9101 
9143 9149 9154 
9196 9201 9206 
9248 9253 9258 

9299 9304 9309 
9350 9355 9360 
9400 9405 9410 
9450 9455 9460 
9499 9504 9509 

3547 9552 9557 
9595 9600 9605 
9643 9647 9652 
9689 9694 9699 
9736 9741 9745 

9782 9786 9791 
9827 9832 9836 
9872 9877 9881 
9917 9921 9926 
9961 9965 996 


7024 7033 7042 7050 7059 7067 
7110 7118 7126 7135 7143 7152 
7193 7202 7210 7218 7226 7235 
7275 7284 7292 7300 7308 7316 
7356 7364 7372 7380 7388 7396 


7435 7443 7451 
7513 7520 7528 
7589 7597 7604 
7664 7672 7679 
7738 7745 7752 


7810 7818 
7882 7889 
7952 7959 
8021 8028 
8089 8096 

8156 8162 
8222 8228 
8287 8293 
8351 8357 
8414 8420 

8476 8482 
8537 8543 
8597 8603 
8657 8663 
8716 8722 

8774 8779 
8831 8837 
8887 8893 
8943 8949 
8998 9004 


7825 
7896 
79f 6 
8035 
8102 

8169 

8235 

8299 

8363 

8426 

8488 

8549 

8609 

8669 

8727 

8785 

8842 

8899 

8954 

9009 


9053 9058 9063 
9106 9112 9117 
9159 9165 9170 
9212 9217 9222 
9263 9269 9274 

9315 9320 9325 
936b 9370 9375 
9415 9420 9425 
9465 9469 9474 
9513 9518 9523 

9562 9566 9571 
9609 9614 9619 
9657 9661 9666 
9703 9708 9713 
9750 9754 9759 

9^5 5800 9805 
9841 9845 9850 
9886 9890 9894 
9930 9934 9939 
9974 99/8 9983 


7459 7466 7474 
7536 7543 7551 
7612 7619 7627 
7686 7694 7701 
7760 7767 7774 

7832 7839 7846 
7903 7910 7917 
7973 7980 7987 
8041 8048 8055 
8109 8116 8122 

8176 8182 8189 
8241 8248 8254 
8306 8312 8319 
8370 8376 8382 
8432 8439 8445 

8494 8500 8506 
8555 8561 8567 
8615 8621 8627 
8675 8681 8686 
8733 8739 8745 
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Log Sine of Angles near 90° and Log Cosine of Small Angles 

[Continued on page 8 

Sin 85°0' 85°9' 85°19* 85°29' 85°39' 85°49' 86°1 # 86°12' 86°24' 86°38‘ 

Log 1-9984 1-9985 1-9986 1-9987 1-9988 1-9989 1-9990 1 9991 1-9992 

Cos 5°0' 4°51' 4°41' 4°31' 4°21 # 4°11' 3°59' 3°48' 3°36' 3°22' 

For tabulated angles read the log to the left: e.g.. log sin 85°49‘ or log cos 4°11' • 1-9988 
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Lou Sin* of Anjlei near 90° ind Lo| Cosine of Small An|les 
Continued from page 7] 

Sin B6°38J 86°5r 8 7°7^ 87°23‘ 87*42; 38*3; B8°29' 89 °7' 90*0' 

Log V9993 1 9994 1 9995 1-9996 1-9997 1 9998 1 9999 0-0000 

Cos 3°22' 3°9' 2°53' 2*37' 2*18' 1*57' 1*31' 0°53' 0*0' 

FoT tabulated angles read the log to the left; e.g., log sin 87*4?’ or log cos 2°18' - 1-9996 
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9928 

9940 

9953 

J-9966 

84 

20 

5 

40 

J-9966 

9979 2 99921 0005 

T-0017T 0030T 0043 

T 0055 f o068T-0080 

T 0093 

84 

10 

5 

50 

1 0093 

0105 

0118 

0130 

0143 

0155 

0167 

0180 

0192 

0204 

0216 

84 

00 

• 

00 

T-0216 

0228 

0240 

0253 

0265 

0277 

0289 

0300 

0312 

0324 

0336 

83 

60 

• 

10 

•0336 

0348 

0360 

0371 

0383 

0395 

0407 

0418 

0430 

0441 

0453 

83 

40 

8 

20 

•0453 

0464 

0476 

0487 

0499 

0610 

0521 

0533 

0544 

0665 

0567 

83 

30 

• 

30 

1 0567 

0578 

0589 

0600 

0611 

0622 

0633 

0645 

0656 

0667 

0678 

83 

20 

0 

40 

•0678 

0688 

0699 

0710 

0721 

0732 

0743 

0754 

0764 

0775 

0786 

•s 

10 

c 

50 

•0786 

0796 

0807 

0818 

0828 

0839 

0849 

0860 

0871 

0881 

0891 

83 

00 

7 

00 

1 0891 

0902 

0912 

0923 

0933 

0943 

0954 

0964 

0974 

0984 

0995 

82 

50 

7 

10 

•0995 

1005 

1015 

1025 

1035 

1045 

1055 

1066 

1076 

1086 

1096 

• 2 

40 

7 

20 

•1096 

1106 

1116 

1125 

1135 

1145 

1155 

1165 

1175 

1186 

1194 

• 2 

30 

7 

30 

T-1194 

1204 

1214 

1223 

1233 

1243 

1252 

1262 

1272 

1261 

1291 

82 

20 

7 

40 

..•1291 

1300 

1310 

1319 

1329 

1338 

1348 

1357 

1367 

1376 

1385 

82 

1 0 

7 

50 

1*1 j|S 

1396 

1404 

1413 

1423 

1432 

1441 

1450 

1460 

1469 

T-1478 

• 2 

00 


10* 

r 

• ' 

7* 

r 

5* 

4' 

r 

y 

H 

0* 





r 

I 


log 
un ■ 


0 

14 

100 

135 

162 

1H5 

206 

225 

212 

259 

274 

288 

302 

315 

328 


3-4637 

•4638 

•4639 

•4640 

4641 

4642 
•4641 

4644 

4645 
•4646 

4647 

•4648 

4649 

3 4650 


21087 
•4662 
•5948 
•6750 
•7335 
•7796 
•8176 
8499 
•8781 
•9030 
•9254 
9457 
•9643 
5 9814 


0 00 
1-28 

1 97 

2 48 

2 90 

3 27 
3 60 

3 90 
418 

4 44 
4 69 

4 92 

5 15 
5-36 
5 57 


2-2419 

•2420 

•2421 

2422 

2423 

2424 
•2425 
•2426 

2427 

2428 
•2429 
•2430 

2431 

2 2432 


2*3502 

•5383 

•6376 

•7055 

•7572 

•7989 

8339 

•8641 

8906 

•9142 

9155 

9550 

9728 

29*93 


rad. 

•0000 

•0185 

0321 

•0415 

0491 

•0557 

•0616 

•0669 

•0719 

•0765 

•0809 

•0850 

•0890 

0928 

•0964 

•0999 

•1033 


0 0000 
0001 
0002 
0003 
0004 
0005 
0006 
•0007 
0008 
0009 
0010 
0011 
0012 
•0013 

0014 
0 0015 


2 2692 
•5078 
•6188 
6919 
•7465 
7902 
•8265 

8576 

8849 

9091 
9309 
•9507 
9689 
2 98' _ 

T-0012 

T-0158 


log un a log m * T 
log a loj un a - 7 

where T it uken 
from the table in the 
tame unltt at a. 


Example. 
Find a when 


log tan a' 

3 5636 

log tan a' 

J 5636 

7 (pr 2*5636 

4 4639 

(Subtract) 


log a 

2 0997 

a* 

125*-8 


2°5 •• 


LOGARITHMS OF COTANGENTS. 82° to 90° 
(Reid up and from right to left) 



> WjlZyl 



'Jfififrlcr'' 


LOGARITHMS OF TANGENTS 





ADD 


0° 0 0®1 0°-2 0°-3 


0° -a 3 242 3-543 3-719 3-844 3 941 2-020 | 2-087 2-145 2-195 

1 2-2419 2833 3211 3559 3881 4181 4461 4725 4973 5208 

2 -5431 i 5643 5845 6038 6223 6401 6571 6736 6894 7046 

3 -7194 7337 7475 7609 7739 7865 7988 6107 8223 8336 

•8446 8554 8659 8762 8862 8960 9056 9150 9241 9331 

2 9420 9506 9591 9674 9756 9836 9915 9992 1 0068 1 0143 

T-0216 0289 0360 0430 0499 0567 0633 0699 0764 0828 

•0891 0954 1015 1076 1135 1194 1252 1310 1367 1423 

•1478 1533 1587 1640 1693 1745 53 

1745 1797 1848 1898 1948 50 
•1997 2046 2094 2142 2189 2236 48 

2236 2282 2328 2374 2419 45 


1-2463 2507 2551 2594 

•2887 2927 2957 3006 

•3275 3312 3349 3385 

•3634 3668 3702 3736 

•3968 4000 4032 4064 

I 

7-4281 4311 4341 4371 

•4575 4603 4632 4660 

•4853 4880 4907 4934 

•S118 5143 5169 6195 


5370 ; 5394 5419 5443 


2637 2680 

2680 2722 
3046 3085 

3085 3123 
3422 3458 

3458 3493 
3770 3804 

3804 3837 
4095 4127 4158 

4400 4430 4469 
4688 4716 4744 
4961 4987 5014 
5220 5245 5270 
5467 5491 5516 


2764 2805 

3162 3200 


3529 3564 


3870 

4189 

4488 

4771 

5040 

5295 

5539 


20 7-5611 5634 5658 5681 5704 5727 5750 5773 

21 -5842 5864 5887 5909 5932 5954 5976 5998 

22 6064 6086 6108 6129 6151 6172 6194 6215 

23 -6279 6300 6321 6341 6362 6383 6404 6424 

24 -6486 6506 6527 6547 6567 6587 6607 6627 

25 7-6687 6706 6726 6746 6765 6785 6804 6824 

•6882 6901 6920 6939 6958 6977 6996, 7015 

•7072 7090 7109 7128 7146 7165 7183] 7202 

•7257 7275 7293 7311 7330 7348 7366 7384 

•7438 7455 7473 7491 7509 7526 7544 7562 

1*7614 7632 7649 7667 7684 7701 7719 7736 

•7788 7805 7822 7839 7856 7873 7890 7907 

•7968 7975 7992 8008 8025 8042 8059 8075 

•8125 8142 8158 8175 8191 8208 8224 8241 

•8290 8306 8323 8339 8355 8371 8383 8404 

7-8452 8468 8484 8601 8517 8533 8549 8565 

•8613 8629 8644 8660 8676 8692 8708 8724 

•8771 8787 8803 8818 8834 8850 8866 8881 

•8928 8944 8959 8975 8990 9006 9022 9037 

•9084 9099 9115 9130 9146 31*1 9176 9192 

‘1-9238 9254 9269 9284 9300 9315 9330 9346 

•9392 9407 9422 9438 9463 9468 9483 9499 

•9544 9560 9575 9590 9605 9621 9636 9651 

•9697 9712 9727 9742 9757 9772 9788 9803 

•9848 9864 9879 9894 , 9909 9924 9939 9955 


3903 

4220 

4517 

4799 

5066 

5320 

5563 

5796 

6020 

6236 

6445 

6647 

6843 

7034 

7220 

7402 

7579 

7753 

7924 

8092 

8257 

8420 

8581 

8740 

8897 

9053 

9207 

9361 

9514 

9666 

9818 

9970 


43 

2846 41 

40 

3237 38 

37 

3599 35 

34 

3935 33 

4250 31 

4546 29 

4826 28 

5092 26 

5345 25 

5587 24 

5819 23 

6042 22 

6257 

6465 21 

6667 20 

6863 
7053 
7238 
7420 18 

7597 

7771 

7941 17 

8109 
8274 
8436 

8597 16 

8755 

8912 

9068 

9223 

9376 

9529 

9681 

9833 15 

9985 


1 

2* 

3' 

4* 

5 # 

D 

fferences vary 

too 

rapidly 

for 

interpolation by 


P.s. 

See Table 

on page 

11. 


9 

18 

27 

35 

44 

8 

17 

25 

33 

42 

8 

16 

24 

32 

40 

8 

15 

23 

30 

38 

7 

14 

22 

29 

?6 

7 

14 

21 

27 

34 

7 

13 

20 

27 

33 

6 

13 

19 

25 

32 

6 

12 

18 

25 

31 

6 

12 

17 

23 

29 

6 

11 

17 

23 

28 

5 

11 

16 

22 

27 

5 

10 

16 

21 

26 

6 

10 

15 

19 

24 

5 

9 

14 

19 

23 

4 

9 

13 

17 

22 

4 

8 

13 

17 

21 

4 

3 

12 

16 

20 

4 

8 

12 

15 

19 

4 

7 

11 

15 

18 

4 

7 

11 

14 

18 

3 

7 

10 

14 

17 

3 

7 

10 

13 

17 

3 

6 

10 

13 

16 

3 

6 

10 

13 

16 

3 

6 

9 

12 

15 

3 

6 

9 

12 

15 

3 

6 

9 

12 

15 

3 

6 

9 

12 

15 

3 

6 

9 

11 

14 

3 

6 

8 

11 

14 

3 

6 

8 

11 

14 

3 

5 

8 

11 

14 

3 

5 

8 

11 

13 

3 

5 

8 

11 

13 

3 

5 

8 

10 

13 

3 

5 

8 

10 

13 

3 

5 

8 

10 

13 

3 

5 

8 

10 

13 

3 

5 

8 

10 

13 

3 

5 

8 

10 

13 

3 

5 

8 

10 

13 

3 

5 

8 

10 

13 


Log Cot m - Log Tan (90° 


log Tan * 


— / 










LOGARITHMS OF TANGENTS 13 


X 

H 

6' 

0°-1 

12' 

0°-2 

18' 

0°-3 

24* 

0° 4 

30' 

0° 5 

36' 

42' 

48' 

0°-8 

54' 

0° 9 

i 

ADD 

0®-6 

0°-7 


BOB 

4 5° 

0 0000 

0015 

0030 

0045 

0061 

0076 

0091 

0106 

0121 

0136 

B 

3 

5 8 10 13 

46 

•0152 

0167 

0182 

0197 

0212 

0228 

0243 

0258 

0273 

0288 


3 

5 8 10 13 

47 

0303 

0319 

0334 

0349 

0364 

0379 

0395 

0410 

0425 

0440 


3 

5 8 10 13 

48 

0456 

0471 

0486 

0501 

0517 

0532 

0547 

0562 

0578 

0593 


3 

5 8 10 13 

49 

•0608 

0624 

0639 

0654 

0670 

0685 

0700 

0716 

0731 

0746 


3 

5 8 10 13 

50 

0 0762 

0777 

0793 

0808 

0824 

0839 

0854 

0870 

0885 

0901 


3 

5 8 10 13 

51 

•0916 

0932 

0947 

0963 

0978 

0994 

1010 

1025 

1041 

1056 


3 

5 8 10 13 

52 

•1072 

1068 

1103 

1119 

1135 

1150 

1166 

1182 

1197 

1213 


3 

5 8 10 13 

53 

•1229 

1245 

1260 

1276 

1292 

1308 

1324 

1340 

1356 

1371 


3 

5 81113 

54 

•1387 

1403 

1419 

1435 

1451 

1467 

1483 

1499 

1516 

1532 

16 

3 

5 8 11 13 

55 

0-1548 

1564 

1580 

1596 

1612 

1629 

1645 

1661 

1677 

1694 


3 

5 81114 

56 

•1710 

1726 

1743 

1759 

1776 

1792 

1805 

1825 

1842 

1858 


3 

6 8 >1 14 

57 

•1875 

1891 

1908 

1925 

1941 

1958 

1075 

1992 

2008 

2025 


3 

6 81114 

58 

•2042 

2059 

2076 

2093 

2110 

2127 

21441 2161 

2178 

2195 

17 

3 

6 9 1114 

59 

2212 

2229 

2247 

2264 

2281 

2299 

2316 

2333 

2351 

2368 


3 

6 9 12 15 

60 

0-2386 

2403 

2421 

2438 

2456 

2474 

2491 

2509 

2527 

2545 


3 

6 9 12 15 

61 

2562 

2580 

2598 

2616 

2534 

2652 

2670 

2689 

2707 

2725 

18 

3 

5 9 12 15 

62 

2743 

2762 

2780 

2798 

2817 

2835 

2854 

2872 

2891 

2910 


3 

6 9 12 15 

63 

•2928 

2947 

2966 

2985 

3004 

3023 

3042 

3061 

3080 

3099 

19 

3 

6 10 13 16 

64 

•3118 

3137 

3157 

3176 

3196 

3215 

3235 

3254 

3274 

3294 


3 

6 10 13 16 

85 

0-3313 

3333 

3353 

3373 

3393 

3413 

3433 

3453 

3473 

3494 

m 

3 

7 10 13 17 

66 

-3514 

3535 

3555 

3576 

3596 

3617 

3638 

3659 

3679 

3700 

21 

3 

7 10 14 17 

67 

•3721 

3743 

3764 

3785 

3806 

3828 

3849 

3871 

3892 

3914 


4 

7 11 14 18 

68 

•3936 

3958 

3980 

4002 

4024 

4046 

4068 

4091 

4113 

4136 

22 

4 

7 11 15 18 

89 

•4158 

4181 

4204 

4227 

4250 

4273 

4296 

4319 

4342 

4366 

23 

4 

8 12 15 19 

70 

0-4389 

4413 

4437 

4461 

4484 

4509 

4533 

4557 

4681 

4606 

24 

4 

8 12 16 20 

71 

•4630 

4655 

4680 

4705 

4730 

4755 

4780 

4805 

4831 

4857 

25 

4 

8 13 17 21 

72 

4882 

4908 

4934 

4960 

4986 

5013 

5039 

5066 

5093 

5120 

26 

4 

9 13 17 22 

73 

•5147 

5174 

5201 

5229 

6266 

5284 

5312 

6340 

5368 

5397 

28 

6 

9 14 19 23 

74 

•5425 

5454 

5483 

5512 

5541 

5570 

5600 

5629 

5659 

6689 

29 

5 10 15 19 24 

75 

0-5719 

5750 

5780 

5811 

5842 

5873 

5905 

5936 

5968 

6000 

31 

5 10 16 21 26 

78 

•6032 

6065 

6097 

6130 

6163 

6196 

6230 

6264 

6298 

6332 

33 

6 11 17 22 28 

77 

•6366 

6401 

6436 

6471 

6507 

6542 

6578 

6615 

6651 

6688 

□ 

6 12 18 24 30 

78 

•6725 

6763 

6800 

6838 

6877 

6916 

6954 

6994 

7033 

7073 

rtf 

6 13 19 26 32 

79 

•7113 

7154 

7195 

7236 

7278 

7320 

7363 

7406 

7449 

7493 

42 

7 14 21 28 36 


0-7637 

7681 

7626 

7672 

7718 

7764 

7811 

7858 

7906 

7954 

47 

8 16 23 31 39 

81 

•8003 

8052 

8102 

8152 

8203 

8255 

8307 

8360 

8413 

8467 

52 

9 17 26 35 43 

82 

•8522 

8577 

8633 

8690 

8748 

8806 

8865 

8924 

8985 

9046 




83 

•9109 

9172 

9236 

9301 

9367 

9433 

9501 

9570 

9640 

9711 




.84 

0-9784 

9857 

9932 10008 

1-0085 

1-0164 1 0244 

1-0326 1-0409 

•0494 


Differences 

85 

1 0580 

0669 

0759 

0850 

0944 

1040 

1138 

1238 

1341 

1446 


here vary loo 
rapidly for in- 

06 

•1554 

1664 

1777 

1893 

2012 

2135 

2261 

2391 

2625 

2663 


terpolatlon by 

87 

•2806 

2964 

3106 

3264 

3429 

3599 

3777 

3962 

4165 

4357 


P.P.s. See note 


•4569 

4792 

5027 

6275 

5539 

5819 

6119 

6441 

6789 

7167 


below. 

; M 

1*758 

1-804 1-85« 

1*913 

1-980 

2 059 

2-156 

2-281 

2-457 

2-758 




90 

• 














ror jntabtilated an ( laa fre.ter than 82° uie Lof Tan x - - Lo* Tan (90° «). Sea table on pi|* 11 

Example. Lof tan 85°13'--loj tan 4°47' - - (J-9226) - 1-0774 
















NATURAL SINES 




14 


B 

B 

r 

0° 1 

12' 

0° 2 

18 

0° 3 

24* 

0° 4 

30' 

0° 5 

36' 

0°-6 

42' 

0°-7 

48' 

0° 8 

54' 

0° 9 

B 

ADD 

r 

2' 

3' 

4' 

1 

5' 

0° 

0-0000 

0017 

0035 

0052 

0070 

0087 

0105 

0122 

0140 

0157 

18 

3 

6 

9 

12 

15 

i 

0175 

0192 

0209 

0227 

0244 

0262 

0279 

0297 

0314 

0332 


3 

6 

9 

12 

15 

2 

0349 

0366 

0384 

0401 

0419 

0436 

0454 

0471 

0488 

0506 


3 

6 

9 

12 

15 

3 

0523 

0641 

0558 

0576 

0593 

0610 

0628 

0645 

0663 

0680 


3 

6 

9 

12 

15 

u 

0698 

0715 

0732 

0750 

0767 

0785 

0802 

0819 

0837 

0t54 


3 

6 

9 

12 

14 

H 

0 0872 

0889 

0906 

0924 

0941 

0958 

0976 

0993 

1011 

1028 


3 

6 

9 

12 

14 


•1045 

1063 

1080 

1097 

1115 

1132 

1149 

1167 

1184 

1201 


3 

6 

9 

12 

14 

■i 

•1219 

1236 

1253 

1271 

1288 

1305 

1323 

1340 

1357 

1374 


3 

6 

9 

12 

14 

u 

•1392 

1409 

1426 

1444 

1461 

1478 

1495 

1513 

1530 

1547 


3 

6 

9 

11 

14 

Kj 

•1564 

1582 

1599 

1616 

1633 

1650 

1668 

1685 

1702 

1719 


3 

6 

9 

11 

14 

H 

0 1736 

1754 

1771 

1788 

1806 

1822 

1840 

1857 

1874 

1891 


3 

6 

9 

11 

14 

tti 

•1908 

1925 

1942 

1959 

1977 

1994 

2011 

2028 

2045 

2062 


3 

6 

9 

11 

14 

12 

•2079 

2096 

2113 

2130 

2147 

2164 

2181 

2198 

2215 

2233 

17 

3 

6 

9 

11 

14 

13 

2250 

2267 

2284 

2300 

2317 

2334 

2351 

2368 

2385 

2402 


3 

6 

8 

11 

14 

14 

2419 

2436 

2453 

• 

2470 

2487 

2504 

2521 

2538 

2554 

2571 


3 

6 

8 

11 

14 

m 

0-2583 

2605 

2622 

2639 

2656 

2672 

2689 

2706 

2723 

2740 


3 

6 

8 

11 

14 

Ktl 

•2756 

2773 

2790 

2807 

2823 

2840 

2857 

2874 

2890 

2907 


3 

6 

8 

11 

14 

gtl 

2924 

2940 

2957 

2974 

2990 

3007 

3024 

3040 

3057 

3074 


3 

6 

8 

11 

14 

Iff 

3090 

3107 

3123 

3140 

3156 

3173 

3190 

3206 

3223 

3239 


3 

6 

8 

11 

14 

IB 

•3256 

3272 

3289 

3305 

3322 

3338 

3355 

3371 

3387 

3404 


3 

6 

8 

11 

14 

20 

0 3420 

3437 

3453 

3469 

3486 

3502 

3518 

3535 

3551 

3587 


3 

5 

8 

11 

14 

21 

•3584 

3600 

3616 

3633 

3649 

3665 

3681 

3697 

3714 

3730 


3 

5 

8 

11 

14 

22 

•3746 

3762 

3778 

3795 

3811 

3827 

3843 

3859 

3875 

3891 


3 

5 

8 

11 

13 

23 

•3907 

3923 

3939 

3955 

3971 

398/ 

4003 

4019 

4035 

4*51 

16 

3 

5 

8 

11 

13 

24 

•4067 

4083 

4099 

4115 

4131 

4147 

4183 

4179 

4195 

' *0 


3 

5 

8 

11 

13 

25 

0-4226 

4242 

4258 

4274 

4289 

4305 

4321 

4337 

4352 

4368 


3 

5 

8 

11 

13 

26 

4384 

4399 

4415 

4431 

4446 

4462 

4478 

4493 

4509 

4524 


3 

5 

8 

10 

13 

27 

4540 

4555 

4571 

4586 

4602 

4617 

4633 

4648 

4664 

4879 


3 

5 

8 

10 

13 

28 

4695 

4710 

4726 

4741 

4756 

4772 

4787 

4802 

4818 

4833 


3 

5 

8 

10 

13 

28 

•4848 

4863 

4879 

4894 

4909 

4924 

4939 

4955 

4970 

4986 


3 

6 

8 

10 

13 

30 

0 5000 

5015 

5030 

5045 

5060 

5075 

5090 

5105 

5120 

5135 

15 

3 

5 

8 

10 

13 

31 

5150 

5165 

5180 

5195 

5210 

5225 

5240 

5255 

5270 

5284 


2 

5 

7 

10 

12 

32 

•5299 

6314 

5329 

5344 

5358 

5373 

5388 

5402 

5417 

5432 


2 

6 

7 

10 

12 

33 

•5446 

5461 

5476 

5490 

5505 

5519 

5534 

5548 

5563 

5577 


2 

5 

7 

10 

12 

34 

•5592 

5606 

5621 

5635 

5650 

5664 

5676 

5693 

5707 

5721 


2 

5 

7 

10 

12 


0-5736 

5750 

5764 

5779 

5793 

5807 

5821 

5835 

5850 

5884 


2 

5 

7 

9 

12 


•5878 

5892 

5906 

5920 

5934 

5948 

5962 

5976 

5990 

6004 

14 

2 

5 

7 

9 

12 


6018 

6032 

6046 

6060 

6074 

6088 

6101 

6115 

6129 

6143 


2 

5 

7 

9 

12 

38 

6157 

6170 

6184 

6198 

6211 

6225 

6239 

6252 

6266 

6280 


2 

5 

7 

9 

11 

39 

6293 

6307 

6320 

6334 

6347 

6361 

6374 

6388 

6401 

6414 


2 

4 

7 

9 

11 

40 

0 6428 

6441 

6455 

6468 

6481 

6494 

6503 

6521 

6534 

6547 


2 

4 

7 

9 

11 

41 

6561 

6574 

6587 

6600 

6613 

6626 

6639 

6652 

6665 

6678 

13 

2 

4 

7 

9 

11 

42 

6691 

6704 

6717 

6730 

6743 

6756 

6769 

6782 

6794 

6807 


2 

4 

6 

9 

11 

43 

6820 

6833 

6845 

6858 

6871 

6884 

6896 

6909 

6921 

6934 


2 

4 

6 

8 

11 

44 

•6947 

6959 

6972 

6984 

6997 

7009 

7022 

7034 

7046 

7059 


2 

4 

6 

8 

10 

45 

0-7071 

7083 

7096 

7108 

7120 

7133 

7145 

7157 

7169 

7181 


2 

4 

6 

8 

10 

46 

•7193 

7206 

7218 

7230 

7242 

7254 

7266 

7278 

7290 

7302 

12 

2 

4 

6 

8 

10 

47 

•7314 

7325 

7337 

7349 

7361 

7373 

7385 

7396 

7408 

7420 


2 

4 

6 

8 

10 

48 

•7431 

7443 

7455 

7466 

7478 

7490 

7501 

7513 

7524 

7536 


2 

4 

6 

8 

10 

49 

0-7547 

7559 

7570 

7581 

7593 

7604 

7615 

7627 

7638 

7649 


2 

4 

6 

8 

9 


Y • •- juUlb&jl 













NATURAL SINES 15 


* 

m 

6' 

0°-1 

12' 

0°-2 

18' 

0°-3 

24' 

0° 4 

30' 

0° 5 

3S' 

0° 8 

^7 

0°-7 

48' 

0°-8 

54' 

0°-9 

A 

1' 

ADD 

2' 3' 4' 

5' 

50° 

0-7660 

7672 

7683 

7694 

7705 

7716 

7727 

7738 

7749 

7760 


2 

4 

6 

7 

9 

51 

•7771 

7782 

7793 

7804 

7815 

7826 

7837 

7848 

7859 

7869 

11 

2 

4 

5 

7 

9 

52 

•7880 

7891 

7902 

7912 

7923 

7934 

7944 

7955 

7965 

7976 


2 

4 

5 

7 

9 

53 

•7986 

7997 

8007 

8018 

8028 

8039 

8049 

8059 

8070 

8080 


2 

3 

5 

7 

9 

54 


8100 

8111 

8121 

8131 

8141 

8151 

8161 

8171 

8181 

10 

2 

3 

5 

7 

8 

55 

0-8192 

8202 

8211 

8221 

8231 

8241 

8251 

8261 

8271 

8281 


2 

3 

5 

7 

8 

56 

•8290 

8300 

8310 

8320 

8329 

8339 

8348 

8358 

8368 

8377 


2 

3 

5 

6 

8 

57 

•8387 

8396 

8406 

8415 

8425 

8434 

8443 

8453 

8462 

8471 


2 

3 

5 

6 

8 

58 

•8480 

8490 

8499 

8508 

8517 

8526 

8636 

8545 

8564 

8563 

KJ 

2 

3 

5 

6 

8 

59 

•8572 

8581 

8590 

8599 

8607 

8616 

8625 

8634 

8643 

8652 

ftg 

1 

3 

4 

6 

7 

60 


8669 

8678 

8686 

8695 

8704 

8712 

8721 

8729 

8738 


1 

3 

4 

6 

7 

61 

•8746 

8755 

8763 

8771 

8780 

8788 

8796 

8805 

8813 

8821 


1 

3 

4 

6 

7 

62 

•8829 

8838 

8846 

8854 

8862 

8870 

8878 

8886 

8894 

8902 


1 

3 

4 

5 

7 

63 

8910 

8918 

8926 

8934 

8942 

8949 

8957 

6965 

8973 

8980 

M 

1 

3 

4 

6 

6 

64 

;8988 

8996 

9003 

9011 

9018 

9026 

9033 

9041 

9048 

9056 


1 

3 

4 

5 

6 

65 

0-9063 

9070 

9078 

9085 

9092 

9100 

9107 

9114 

9121 

9128 


1 

2 

4 

5 

6 

r h 


9143 

9150 

9157 

9164 

9171 

9178 

9184 

9191 

9198 


1 

2 

4 

5 

6 

67 

•9205 

9212 

9219 

9225 

9232 

9239 

9245 

9252 

9259 

9265 


1 

2 

3 

4 

6 

tjl 

•9272 

9278 

9285 

9291 

9298 

9304 

9311 

9317 

9323 

9330 


1 

2 

3 

4 

5 

y| 

•9336 

9342 

9348 

9354 

9361 

9367 

9373 

9379 

9385 

9391 


1 

2 

3 

4 

5 

70 

0-9397 

9403 

9409 

9415 

9421 

9426 

9432 

9438 

9444 

9449 


1 

2 

3 

4 

5 

71 

■9455 

9461 

9466 

9472 

9478 

9483 

9489 

9494 

9500 

9505 


1 

2 

3 

4 

6 

72 

•9511 

9516 

9521 

9527 

9532 

9537 

9542 

9548 

9553 

9558 


1 

2 

3 

3 

4 

73 

•9563 

9568 

9573 

9578 

9583 

9588 

9593 

9598 

9603 

9608 

5 

1 

2 

2 

3. 

4 

74 

•9613 

9617 

9622 

9627 

9632 

9636 

9641 

9646 

9650 

9655 


1 

2 

2 

3 

4 

75 

0-9659 

9664 

9668 

9673 

9677 

9681 

9686 

9690 

9694 

9699 


1 

1 

2 

3 

4 

76 

•9703 

9707 

9711 

9715 

9720 

9724 

9728 

9732 

9736 

9740 

4 

1 

1 

2 

3 

3 

77 

•9744 

9748 

9751 

9755 

9769 

9763 

9767 

9770 

9774 

9778 


1 

1 

2 

2 

3 

78 

•9781 

9785 

9789 

9792 

9796. 

9799 

9803 

9806 

9810 

9813 


1 

1 

2 

2 

3 

79 

•9816 

9820 

9823 

9826 

9829 

9833 

9836 

9839 

9842 

9845 


1 

1 

2 

2 

3 

80 

0-9848 

9851 

9854 

9857 

9860 

9863 

9866 

9869 

9871 

9874 

3 

0 

1 

1 

2 

2 

81 

•9877 

9880 

9882 

9885 

9888 

9890 

9893 

9895 

9898 

9900 


0 

1 

1 

2 

2 

82 

•9903 

9905 

9907 

9910 

9912 

9914 

9917 

9919 

9921 

9923 


0 

1 

1 

1 

2 

83 

•9925 

9928 

9930 

9932 

9934 

9936 

9938 

9940 

9942 

9943 

2 

0 

1 

1 

1 

2 

84 

•9945 

9947 

9949 

9951 

9952 

9954 

9956 

9957 

9959 

9960 


0 

1 

1 

1 

1 

85 

0-9962 

9963 

9965 

9966 

9968 

9969 

9971 

9972 

9973 

9974 


0 

0 

1 

1 

1 

86 

87 

•9976 

•9986 

9977 

9987 

9978 

9988 

9979 

9989 

9980 

9990 

9981 

9990 

9982 

9991 

9983 

9992 

9984 

9993 

9985 

9993 

B 

0 

0 

1 

1 

1 

88 

89 

90 

9994 

0-9998 

1 0000 

9995 

9999 

9995 

9999 

9996 

9999 

9996 

9999 

9997 

1-000 

9997 

1-000 

9997 

1-000 

9998 

1000 

9998 

1-000 


See Table 
below. 


86 48 

86 54 

87 01 
87 08 
87 15 
87 22 
87 30 
87 38 
87 46 


Sines of Angles 
sine 

I ° 

86-80 


0-9985 

0-9986 

0-9987 

0-9988 

0-9989 

0-9990 

0-9991 

0-9992 


86- 91 

87- 02 
87-13 
87-25 
87-37 
87-50 
87-63 
87-78 


near 

o * 
87 46 

87 56 

88 05 
88 16 
88 29 

88 43 

89 00 

89 25 

90 00 


90° 

sine 

0-9993 
0-9994 
0-9995 
0-9996 
0-9997 
0-9998 
u Q999 
1 -0000 


o 

87-7 

87- 9 

88 - 0 
88-2 
88-4 

88- 7 

89- 0 

89- 4 

90- 0 


The values in the centre columns represent the 
sines for all angles lying between the successive 
ranges shown in the outer columns. Thus 
sin 87° 20' is 0-9989. For inverse use. the best 
angle for a given sine is the one lying midway 
between the adjacent ranges; if the difference 
is odd, choose the angle nearer 90°. Thus if 
sin *- 0 9988.x - 87° 12'. 

For tabulated angles read the sine value In the 
half-line above; e.g., sin 87° 38' = 0-9991. 
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16 



1 











' 






0 

6 

12' 

18' 

24' 

30' 

38' 

42* 

48* 

54* 


SUBTRACT 












r 






x 

<po 

0°-1 

0° 2 

0°-3 

0°4 

0°-5 

0°-6 

0>-7 

0*-8 

0*7-9 

-J 

r 

r 

3’ 

4* 

5' 

0° 

1 000 

1 000 1 000 

1 000 

1-000 

1-000 0-9999 

0-9999 0-9999 0-9999 


Sec 

tabic 

dt 

i 

0-9998 

9998 

9998 

9997 

9997 

9997 

9996 

9996 

9995 

9995 


foot of 


2 

•9994 

9993 

9993 

9992 

9991 

9990 

9990 

9989 

9988 

9987 







3 

9986 

9985 

9984 

9983 

9982 

9981 

9980 

9979 

9978 

9977 

1 

0 

0 

1 

1 

1 

4 

•99/6 

9974 

9973 

9972 

9971 

9969 

9968 

9966 

9965 

9963 


0 .0 

1 

1 

1 

5 

0-9932 

9960 

9959 

9957 

9950 

9954 

9952 

9951 

9949 

9947 


0 

i 

1 

1 

1 

6 

9945 

9943 

9942 

9940 

9938 

9936 

9934 

9932 

9930 

9928 

2 

0 

i 

1 

1 

2 

7 

9925 

9923 

9921 

9919 

9917 

9914 

9912 

9910 

9907 

9905 


0 

i 

1 

1 

2 

8 

•9903 

9900 

9898 

9895 

9893 

9890 

9888 

9885 

9882 

9880 


0 

i 

1 

2 

2 

9 

•9877 

9874 

9871 

9869 

986G 

9863 

9860 

9857 

9854 

9861 

3 

0 

i 

1 

2 

2 

10 

0-9848 

9845 

9842 

9839 

9836 

9833 

9829 

9826 

9823 

9820 


1 

i 

2 

2 

3 

11 

•9816 

9813 

9810 

9806 

9803 

9799 

9796 

9792 

9789 

9785 


1 

i 

2 

2 

3 

12 

9781 

9778 

9774 

9770 

9767 

9763 

9759 

9755 

9751 

9748 


1 

i 

2 

2 

3 

13 

•9744 

9740 

9736 

9732 

9728 

9724 

9720 

9715 

97 • 1 

9707 

4 

1 

i 

2 

3 

3 

14 

•9703 

9699 

9694 

9690 

9686 

9601 

9677 

9673 

9668 

9664 


1 

i 

2 

3 

4 

15 

0-9659 

9655 

9650 

9646 

9641 

9636 

9632 

9627 

9622 

9617 


1 

2 

2 

3 

4 

16 

•9613 

9608 

9603 

9598 

9593 

9588 

9583 

9578 

95/3 

9068 

5 

1 

2 

2 

3 

4 

17 

•0563 

9558 

9553 

9548 

9542 

9S37 

9532 

9527 

9521 

9516 


1 

2 

3 

3 

4 

18 

9511 

9505 

9500 

9494 

9489 

9483 

9478 

9472 

94G5 

9461 


1 

2 

3 

4 

5 

19 

•9455 

9449 

9444 

9438 

9432 

9426 

9421 

9415 

9409 

9403- 


1 

2 

3 

4 

5 

20 

0 9397 

9391 

9385 

9379 

9373 

9367 

9361 

9354 

9348 

9342 

6 

1 

2 

3 

4 

5 

21 

9336 

9330 

9323 

9317 

9311 

9304 

9298 

9291 

9265 

9278 


1 

2 

3 

4 

5 

22 

•9272 

9265 

9259 

9252 

9245 

9239 

9232 

9225 

9219 

9212 


1 

2 

3 

4 

6 

23 

•9205 

9198 

9191 

9184 

9178 

9171 

9164 

5157 

9150 

9143 

7 

1 

2 

4 

5 

6 

24 

•0135 

9128 

9121 

9114 

9107 

9100 

9092 

9085 

9078 

9070 


1 

2 

4 

5 

6 

25 

0 9063 

0056 

9048 

9041 

9033 

9026 

9018 

9011 

9003 

8996 


1 

3 

4 

5 

6 

26 

•*9S8 

8980 

3973 

8965 

8957 

8949 

8942 

893* 

8926 

8918 


1 

3 

4 

5 

6 

27 

8910 

8902 

8894 

8886 

8878 

8870 

8862 

6854 

8846 

8038 

8 

1 

3 

4 

5 

7 

28 

-8829 

88?i 

8813 

8805 

8796 

8788 

8780 

8771 

8763 

8755 


1 

3 

4 

6 

7 

25 

8746 

B ? 38 

8729 

8721 

8712 

8704 

8695 

8686 

8678 

8669 


1 

3 

4 

6 

/ 

30 

0 8660 

8652 

8643 

8634 

8625 

8616 

8607 

8599 

8590 

8581 


1 

3 

4 

6 

7 

31 

•3572 

8563 

8554 

8545 

8536 

8526 

8517 

8508 

K499 

8490 

9 

2 

3 

6 

6 

8 

32 

8480 

8471 

8462 

8453 

8443 

8434 

8425 

8415 

8406 

8396 


2 

3 

5 

6 

b 

33 

3387 

8377 

8358 

8358 

8348 

8339 

8329 

8320 

0310 

8300 


2 

3 

5 

6 

8 

34 

8290 

8281 

8271 

0261 

8251 

8241 

8231 

8221 

3211 

8202 


2 

3 

5 

7 

8 

35 

0-8192 

8181 

8171 

8161 

8151 

8141 

8131 

8121 

8111 

8100 

10 

2 

3 

5 

7 

8 

Sf 

8000 

8080 

8070 

6059 

8049 

8039 

9028 

8018 

8007 

7997 


2 

3 

5 

7 

9 

37 

•7586 

7976 

7965 

7955 

7944 

7934 

7923 

7912 

7902 

7891 


2 

4 

S 

7 

9 

as 

7880 

7869 

7859 

7848 

7837 

7826 

7815 

7804 

7793 

7782 

11 

2 

4 

5 

7 

9 

30 

0-7771 

7760 

7749 

7738 

7727 

7716 

7705 

7694 

7683 

7672 


2 

4 

6 

7 

9 


o • 

0 00 
0 34 
0 50 
1 15 
1 30 
1 43 

1 54 

2 03 
2 13 


Cosines of Small Angies 
cosine cosine 


i 

1 oooc 

00399 
0-5906 
0-9997 
0 9956 
0-5995 
0-9094 
0-9903 


o 

GO 

0-5 

0-0 


o * 
2 13 
2 21 
2 20 
2 37 
2 44 
2 61 

2 58 

3 06 
?. 11 


+ 

0 0002 
0-0901 
0-0000 
0 9089 
0*0088 
0-0987 
0 0986 
0-9085 


2-21 
2-36 
2-49 
2 62 
2-74 

2- fifl 
20 / 

3- 08 
3-19 


i Ms table is similar to that given for sinci on 
page 15; thus 

cos 2° 40' - 0 9989 
0 9986 * cos 3° 2* 




- -Jt 





ofo 

NATURAL COSINES 


Wjj&'cr*! 




M 

O' 

0° J 

6* 

0° 1 

1 7‘ 

0°-2 

1 8’ 

0°-3 

24* 

0°*4 

30' 

0° 5 

36' 

0° 8 

42* 

! 0°-7 

48* 

0° 8 

54' 

0° 9 

fl 

SUBTRAT 

r 2' 3' 4* 5' 

40° 

0-7660 

7649 

7638 

7627 

7615 

7604 

7593 

1 7581 

7570 

7559 


2 4 


8 

9 

41 

•7547 

7536 

7524 

7513 

7501 

7490 

7478 

7466 

7455 

7443 


2 4 


8 

10 

42 

•7431 

7420 

7408 

7396 

7385 

7373 

7361 

7349 

7337 

7325 


2 4 


8 

10 

43 

•7314 

7302 

7290 

7278 

7266 

7254 

7242 

| 7230 

7218 

7206 

12 

2 4 


8 

10 

44 

•7193 

7181 

7169 

7157 

7145 

7133 

7120 

| 7108 

7096 

7083 


2 4 


8 

10 

45 

0 7071 

7059 

7046 

7034 

7022 

7009 

6997 

6984 

6972 

6959 


2 4 


8 

10 

46 

•6947 

6934 

6921 

6909 

6896 

6884 

6871 

6858 

6845 

6833 


2 4 


8 

11 

47 

•6820 

6807 

6794 

6782 

6769 

6756 

6743 

6730 

6717 

6704 


2 4 


9 

11 

48 

6691 

6678 

6665 

6652 

6639 

6626 

6613 

6600 

6587 

6574 

13 

2 4 


9 

11 

49 

6561 

6547 

6534 

6521 

6508 

6494 

6481 

6468 

6455 

6441 


2 4 


9 

11 

50 

0-6428 

6414 

6401 

6388 

6374 

6361 

6347 

6334 

6320 

6307 


2 4 


9 

11 

51 

6293 
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20 NATURAL COTANGENTS 


X 

0* 

0°-0 

6' 

0°-1 

12' 

0°-2 

18' 

0° 3 

0° 4 

30' 

0° 5 

30' 

0° 6 

42' 

0° 7 

48' 

0* 8 

54' 

0° 9 

S 

SUBTRACT 

V 2' 3' 4' 5' 

0° 

00 

573-0 

286-5 

191 0 

143-2 

114 6 

95-49 

81-85 

71 62 

63 66 



1 

57-29 

52-08 

47-74 

44-07 

40 92 

38-19 

35-80 

33-69 

31-82 

30-14 


Differences vary 

2 

28 64 

27-27 

26 03 

24 90 

23-86 

22 90 

22 02 

21-20 

20-45 

19-74 


too rapidly for 

3 

1908 

18 46 

17 89 

17-34 

16 81 

16-35 

15-89 

15-46 

15-06 

14-67 


interpolation by 

4 

14 30 

13-95 

13 62 

13 30 

13-00 

12-71 

12-43 

12*16 

11-91 

11-66 


P.P.s. See Table 













on page 22. 

5 

11-43 

11-20 

10-99 

10-78 

10-58 

10 39 

10 20 

10-02 

9 845 

9-677 



6 

9-514 

9 357 

9-205 

9-058 

8-915 

8-777 

8-643 

8 513 

8-386 

8-264 



7 

8-144 

8-028 

7-916 

7-806 

7-700 

7-596 

7-495 

7-396 

7-300 

7-207 



8 

7-115 

7-026 

6-940 

6 855 

6-772 

6-691 






14 28 42 57 71 







6 691 

6-612 

6 535 

6 460 

6-386 


13 25 38 50 63 

9 

6 314 

6 243 

6 174 

6-107 

6-041 

5-976 






11 23 34 45 56 







5-976 

5-912 

5-850 

5-789 

5-730 


10 20 30 41 51 

10 

5-671 

614 

558 

503 

449 

396 





55 

9 18 28 37 46 







396 

343 

292 

242 

193 

50 

8 17 25 33 42 

1 1 

5-145 

097 

050 

5 005 

4-959 

4-915 





46 

8 15 23 31 38 







4-915 

872 

829 

787 

745 

42 

7 14 21 28 35 

12 

4-705 

665 

625 

586 

548 

511 





35 

6 13 19 26 32 







511 

474 

437 

402 

366 

36 

6 12 18 24 30 

13 

4-331 

297 

264 

230 

198 

165 





33 

6 11 17 22 28 







165 

134 

102 

071 

041 

31 

5 10 15 21 26 

14 

4-011 

3-901 

3-952 

3-923 

3 895 

3-867 





29 

5 10 14 19 24 







3 867 

839 

812 

785 

758 

27 

4 9 14 18 22 

15 

3-732 

706 

681 

655 

630 

606 





25 

4 8 13 17 21 







606 

582 

558 

534 

511 

24 

4 8 12 16 20 

16 

3-487 

465 

442 

420 

398 

376 





22 

4 7111518 







376 

354 

333 

312 

291 

21 

4 7101418 

17 

3-271 

251 

230 

211 

191 

172 





20 

3 71013 17 







172 

152 

133 

115 

096 

19 

3 6 91316 

18 

3-078 

060 

042 

024 

3 006 

2 989 

2 971 

2-954 

2 937 

2 921 

17 

3 6 91114 

19 

2 904 

888 

872 

856 

840 

824 

808 

793 

778 

762 

16 

3 5 81113 

20 

2-747 

733 

718 

703 

689 

675 

660 

646 

633 

619 

14 

257912 

21 

•605 

592 

578 

565 

552 

539 

526 

513 

500 

488 

13 

2 4 6 9 11 

22 



450 

438 

426 

414 



379 

367 

12 

2 4 6 8 10 

23 

•356 

344 

333 

322 

311 

300 

289 

278 

267 

257 

11 

2 4 6 7 9 

24 

•246 

236 

225 

215 

204 

194 

184 

174 

164 

154 

10 

2 3 5 7 8 

25 

2-145 

135 

125 

116 

106 

097 

087 

078 

069 


9 

2 3 5 6 8 

26 

2-050 

041 

032 

023 

014 

2 006 

1-997 

1-988 

1-980 

1-971 


1 3 4 6 7 

27 

1 963 

954 

946 

937 

929 

921 

913 

905 

897 

889 


1 3 4 5 7 

20 

•881 

873 

865 

857 

849 

842 

834 

827 

819 

811 

14 

1 3 4 5 6 

29 

•804 

797 

789 

782 

775 

767 

760 

753 

746 

739 

D 

1 2 4 5 6 

30 

1-732 

725 

718 

711 


698 

691 

684 

678 

671 


1 2 3 5 6 

31 

•664 

658 

651 

645 

638 

632 

625 

619 

613 



1 2 3 4 5 

32 

600 


588 

582 

b76 

570 

564 

658 

552 

546 

6 

1 2 3 4 5 

33 

•540 

mm 

528 

522 

517 

511 

505 

499 

494 

488 


1 2 3 4 5 

34 

483 




460 

455 

450 

444 

439 

433 


1 2 3 4 5 

35 

1-428 

■nr 



407 

402 

397 

392 

387 

381 

m 

12*34 

36 

•376 

Bn 



356 

351 

347 

342 

337 

332 

H 

12 2 3 4 

37 

•327 

322 

317 

313 

308 

303 

299 

294 

209 

285 

u 

1 2 i 3 4 

30 

•280 

275 

271 

266 

262 

257 

253 

248 

I.„j 

Eli 

A 

12 2 3 4 

39 

1-235 

230 

226 

222 



209 

205 

m 

KJ 


112 3 4 


P.P.» for differences exceeding 14, if not shown on this page, should be taken from the Inside end 
cover of the book. For angle* between 72° and 82° P.P.s based on actual differences should be used. 
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NATURAL COTANGENTS 


"XVlJp'l'l 


21 


H 

D 

6' 

12* 

1 8' 

24' 

30’ 

36' . 

42* 

40' 

54* 

i 


SUBTRACT 


E 

□ 

0° 1 

0° 2 

0° 3 

o 

o 

* 

0 o, 5 

0° 8 

0° 7 

0 3 8 

0° 9 


r 

2' 

<% $ 

4' 

5* 

1 40° 

1-1918 

1875 

1833 

1792 

1750 

1708 

1667 | 

1626 

1585 

1544 

41 

7 

14 

21 

28 

34 

EH 

•1504 

1463 

1423 

1383 

1343 

1303 

1263 

1224 

1184 

1145 

40 

7 

13 

20 

27 

33 

rH 

•1106 

1067 

1028 

0990 

0951 

0913 

0875 

0837 

0799 

0761 

38 

6 

13 

19 

25 

32 

rrl 

•0724 

0686 

0649 

0612 

0575 

0538 

0501 

0464 

0428 

0392 

37 

6 

12 

18 

25 

31 

44 

•0355 

0319 

0283 

0247 

0212 

0176 

0141 

0105 

0070 

0035 

36 

6 

12 

18 

24 

30 

45 

1 0000 

0 9965 

9930 

9896 

9861 

9827 

9793 

9759 

9725 

9691 

34 

6 

11 

17 

23 

29 

46 

0 9657 

9623 

9590 

9556 

9523 

9490 

9457 

9424 

9391 

9358 

33 

6 

11 

17 

22 

28 

47 

9325 

9293 

9260 

9228 

9195 

9163 

9131 

9099 

9067 

9036 

32 

5 

11 

16 

21 

27 

48 

■rmi 

8972 

8941 

8910 

8878 

8847 

8816 

8785 

8754 

8724 

31 

5 

10 

16 

21 

26 

49 

8693 

8662 

8632 

8601 

8571 

8541 

8511 

8481 

8451 

8421 

30 

5 

10 

15 

20 

25 

50 

0-8391 

8361 

8332 

8302 

8273 

8243 

8214 

8185 

8156 

8127 

29 

6 

10 

15 

20 

24 

51 

•8098 

8069 

8040 

8012 

7983 

7954 

7926 

7898 

7869 

7841 


6 

10 

14 

19 

24 

52 

•7813 

7785 

7757 

7729 

7701 

7673 

7646 

7618 

7590 

7563 

28 

5 

9 

14 

18 

23 

53 

•7536 

7508 

7481 

7454 

7427 

7400 

7373 

7346 

7319 

7292 

27 

6 

9 

14 

18 

23 

54 

•7265 

7239 

7212 

7186 

7159 

7133 

7107 

7080 

7054 

7028 

26 

4 

9 

13 

18 

22 

55 

0-7002 

6976 

6950 

6924 

6899 

6873 

6847 

6822 

6796 

6771 


4 

9 

13 

17 

21 

56 

•6745 

6720 

6694 

6669 

6644 

6619 

6594 

6569 

6544 

6619 

26 

4 

8 

13 

17 

21 

57 


6469 

6446 

6420 

6395 

6371 

6346 

6322 

6297 

6273 


4 

8 

12 

16 

20 

59 


6224 

6200 

6176 

6152 

6128 

6104 

6080 

6056 

6032 

24 

4 

1 

12 

16 

20 

59 


5985 

5961 

5938 

5914 

5890 

5867 

5844 

5820 

5797 


4 

8 

12 

16 

20 

60 


6760 

3727 

6704 

6681 

5658 

5635 

6612 

5589 

6666 

23 

4 

8 

12 

15 

19 

III 

5543 

5520 

5498 

5475 

5452 

5430 

5407 

5384 

5362 

6340 


4 

8 

11 

16 

19 

□ 

5317 

5295 

5272 

5260 

5228 

6206 

5184 

5161 

6139 

5117 


4 

7 

11 

15 

18 

1 

5095 

5073 

5051 

5029 

5008 

4986 

4964 

4942 

4921 

4899 

22 

4 

7 

11 

15 

18 

64 

mm 

4856 

4834 

4813 

4791 

4770 

4748 

4727 

4706 

4684 


4 

7 

11 

14 

18 

n 

0 4663 

4642 

4621 

4599 

4578 

4557 

4536 

4516 

4494 4473 

21 

4 

7 

11 

14 

18 

Irl 

•4462 

4431 

4411 

4390 

4369 

4348 

4327 

4307 

4286 

4266 


3 

7 

10 

14 

17 

67 

•4245 

4224 

4204 

4183 

4163 

4142 

4122 

4101 

4081 

4061 


3 

7 

10 

14 

17 

66 


4020 

4000 

3979 

3959 

3939 

3919 

3899 

3879 

3859 


3 

7 

10 

13 

17 

69 

•3839 

3819 

3799 

3779 

3759 

3739 

3719 

3699 

3679 

3669 

20 

3 

7 

10 

13 

17 

70 

0-3640 

3620 

3600 

3581 

3561 

3541 

3522 

3602 

3482 

3463 


3 

7 

10 

13 

16 

71 

3443 

3424 

3404 

3385 

3365 

3346 

3327 

3307 

3288 

3269 


3 

6 

10 

13 

16 

72 

-3249 

3230 

3211 

3191 

3172 

3153 

3134 

3115 

3096 

3076 


3 

6 

10 

13 

16 

73 

•3057 

3038 

3019 

3000 

2981 

2962 

2943 

2924 

2905 

2886 

19 

3 

6 

10 

13 

16 

74 

•2867 

2849 

2830 

2811 

2792 

2773 

2754 

2736 

2717 

2698 


3 

6 

9 

13 

It 

75 

0 2679 

2661 

2642 

2623 

2605 

2586 

2568 

2549 

2530 

2512 


3 

6 

9 

12 

16 

76 

•2493 

2475 

2456 

2436 

2419 

2401 

2382 

2364 

2345 

2327 


3 

6 

9 

12 

15 

77 

•2309 

2290 

2272 

2254 

2235 

2217 

2199 

2180 

2162 

2144 


3 

6 

9 

12 

15 

78 

•2126 

2107 

2089 

2071 

2053 

2035 

2016 

1998 

1980 

1962 


3 

6 

9 

12 

16 

79 

•1944 

1926 

190b 

1890 

1871 

1863 

1835 

1817 

1799 

1781 


3 

6 

9 

12 

16 

80 

0-1763 

1745 

1727 

1709 

1691 

1673 

1666 

1638 

1620 

1602 


3 

6 

9 

12 

16 

81 

•1584 

1666 

1548 

1530 

1512 

1495 

1477 

1459 

1441 

1423 


3 

6 

9 

12 

15 

82 

•1405 

1388 

1370 

1352 

1334 

1317 

1299 

1281 

1263 

1246 


3 

6 

9 

12 

15 

83 

•1228 

1210 

1192 

1175 

1157 

1139 

1122 

1104 

1016 

1069 


3 

6 

9 

12 

16 

84 

•1051 

1033 

1016 

0998 

0981 

0963 

0946 

0928 

0910 

0892 


3 

6 

9 

12 

15 

85 

0 0875 

0857 

0840 

0822 

0805 

0787 

0760 

0752 

0734 

0717 


3 

6 

9 

12 

15 

86 

•0699 

0682 

0664 

0647 

0629 

0612 

0594 

0577 

0559 

0542 


3 

6 

9 

12 

15 

87 

•0524 

0507 

0489 

0472 

0454 

0437 

0419 

0402 

0384 

0367 


3 

* 

9 

12 

15 

II.<4 


0332 

0314 

0297 

0279 

0262 

0244 

0227 

0209 

0192 


3 

6 

9 

12 

15 

EJ 


0157 

0140 

0122 

0105 

0087 

0070 

0062 

0035 

0017 

It 

3 

6 

9 

12 

15 
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22 NATURAL TANGENTS. 82° to 90° 




M 

0* 


2* 

8* 

4* 

5* 

8* 

- 

• ' 

9* 

10' 


0 

82 00 

7-115 

130 

146 

161 

176 

191 

207 

222 

238 

253 

289 

a • 

7 50 

82 10 

7 269 

284 

300 

316 

312 

348 

364 

360 

396 

412 

429 

7 40 

• 2 20 

7 429 

445 

462 

478 

495 

511 

628 

545 

562 

579 

596 

7 30 

• 2 30 

7-596 

613 

630 

547 

665 

662 

700 

717 

735 

753 

770 

7 20 

82 40 

7-770 

788 

«oe 

924 

842 

661 

879 

897 

916 

934 

7 953 

7 10 

• 2 50 

7 953 

7-972 

7 991 

6-009 

8 028 

6 048 

8-067 

6-086 

264 

8-105 

6-125 

8-144 

7 00 

83 00 

8-144 

164 

184 

204 

223 

243 

264 

304 

324 

345 

6 50 

• 3 10 

6 346 

364 

188 

407 

428 

449 

470 

491 

513 

534 

556 

640 

• 3 20 

8 556 

577 

599 

621 

643 

665 

667 

709 

732 

754 

8 777 

6 30 

• 3 30 

8-77/ 

800 

823 

846 

869 

892 

916 

939 

962 

8 986 

9 010 

• 30 

• 3 40 

9-010 

034 

068 

882 

106 

131 

166 

160 

205 

230 

255 

• 10 

• 3 50 

9 255 

281 

306 

332 

357 

363 

409 

435 

461 

466 

s,« 

6 00 

• 4 00 

9-514 

541 

568 

596 

622 

649 

•77 

704 

732 

760 

9 788 

5 50 

• 4 10 

9-788 

816 

846 

873 

902 

931 

960 

9 969 

10-019 10 048 i10-078 

5 40 

•4 20 

10-078 

108 

138 

168 

199 

229 

260 

291 

322 

354 

385 

5 30 

• 4 30 

10-39 

10 42 

10-45 

10-48 

10-51 

10-55 

10-58 

10-61 

10 64 

10 68 

10-71 

5 20 

• 4 40 

10-71 

10-75 

10-76 

10-61 

10 85 

10 88 

10 92 

10 95 

10 99 

11 02 

11-06 

5 10 

• 4 50 

1106 

11-10 

11-13 

11-17 

11 20 

11-24 

11-26 

11-32 

11-35 

11-39 

11 43 

5 00 

• 5 00 

,,•43 

11 47 

11-51 

11-55 

11-59 

11 62 

11 66 

11-70 

11-74 

11-79 

11-83 

4 50 

• 5 10 

11 83 

11 67 

11 91 

11 95 

11 99 

12-03 

12-08 

12-12 

12-16 

12-21 

12 *5 

4 40 

• 5 20 

12 25 

12 29 

12-34 

12-36 

12 43 

12-47 

12-52 

12 57 

12-61 

12 66 

12-71 

4 30 

• 5 30 

12-71 

12 75 

12-80 

12-85 

12-90 

12 95 

13-00 

13-05 

13-10 

13-15 

13-20 

4 20 

• 5 40 

13-20 

13 25 

13-30 

13 35 

13 40 

13-46 

13-51 

13-66 

13 62 

13 67 

13-73 

4 10 

• 5 50 

13-73 

13-78 

13-84 

13-89 

13-95 

14-01 

14-07 

14-12 

14-18 

14 24 

14 30 

4 00 

86 00 

14-30 

14 36 

14-42 

14 48 

14-64 

14-61 

14-67 

14-73 

14 80 

14 86 

14-92 

3 60 

• 6 10 

14 92 

14 99 

15 06 

15-12 

15-19 

15-26 

15 33 

16-39 

15-46 

15 53 

15 60 

3 40 

• 8 20 

15-60 

16 66 

15 75 

16 82 

15-69 

15 97 

16-04 

16-12 

16-20 

16-27 

16-36 

3 80 

• 8 30 

16-35 

18-43 

16-61 

16-69 

16-67 

18-76 

16-83 

16-92 

17-00 

17-08 

17-17 

3 20 

• 8 40 

17-17 

17 26 

17 34 

17-43 

17-62 

17-61 

17-70 

17-79 

17-69 

17 96 

18-07 

3 10 

• 8 50 

IS 07 

16-17 

18-27 

18-37 

18-46 

16-66 

18-67 

18-77 

18-67 

18 96 

19 06 

3 00 

87 00 

19 06 

19 19 

19 30 

19-41 

19-62 

19-63 

19 74 

19 85 

19 97 

20 09 

20 21 

2 50 

• 7 10 

20 21 

20 S3 

20-45 

20 67 

20-69 

20 82 

20-96 

21-07 

21-20 

21 34 

21-47 

2 40 

• 7 20 

21-47 

21-61 

21 74 

21-88 

22-Ot 

22-16 

22 31 

22 45 

22-60 

22-75 

22-90 

2 30 

• 7 30 

22-90 

23 06 

23 21 

23-37 

23-63 

23 69 

43 66 

24 03 

24-20 

24-37 

24-64 

2 20 

• 7 40 

24 64 

24 72 

24-90 

25-08 

25 26 

25 45 

25 64 

26 S3 

26 03 

26 23 

26-43 

2 10 

• 7 50 

26 43 

26 64 

26 84 

27-06 

27-27 

27-49 

27-71 

27-94 

28-17 

28 40 

28-64 

2 00 

• 8 00 

28 64 

2 ... 

29 12 

29-37 

296! 

29 96 

30-14 

30 41 

30 66 

30 96 

31-24 

1 50 

88 tO 

31-24 

31-63 

31-82 

32-12 

32 42 

32 73 

J3K* 

33-37 

33-69 

34-03 

34-37 

1 40 

• 8 20 

34 37 

34 72 

35 07 

35-43 

35 60 

36 18 

36 66 

36 96 

37-36 

37-77 

38-19 

1 30 

• 8 30 

38 19 

38 62 

39-06 

39 61 

39 97 

40 44 

40 82 

41-41 

41-92 

42 43 

42-96 

1 20 

88 40 

42 96 

43 51 

44 07 

44 64 

45 23 

45 63 

46 46 

47 09 

47 74 

48 41 

49-10 

1 10 

• 8 50 

49 10 

49 82 

50-55 

51-30 

52 08 

52 88 

53 71 

54-66 

55-44 

56 35 

57-29 

1 00 

88 00 

57-29 

58 26 

59-27 

60-31 

61-36 

62 50 

•3 66 

64 66 

66 11 

67-40 

•8-76 

0 50 

89 10 

68 75 

70-15 

71-62 

73-14 

74-73 

76 39 

78-13 

79 94 

si as 

S3 84 

66-94 

0 40 

89 20 

85 94 

88 14 

90-46 

92-91 

96-40 

98 22 

101-1 

104-2 

107-4 

110-9 

114-6 

0 30 

89 30 

114-6 

118 5 

122 8 

127-3 

132 2 

137-5 

143 2 

149 5 

156 3 

163 7 

171-9 

0 20 

SB 40 

171-9 

180 9 

191-0 

202-2 

214-9 

229 2 

245 6 

264 4 

286 5 

312 5 

343 8 

0 10 

89 50 

343 8 

382 0 

429 7 

491-1 

573 0 

687-6 

859 4 

1146 

1719 

3438 

• 

0 00 


10* 

t* 

8' 

T 

r 

8' 

4' 

1' 

2' 

r 

°‘ 

X 


■ r cor a 


0 

SO 

Its 

152 
112 
209 
232 
253 
273 


+ 

343t 

3437 

3435 

3435 

3434 

3433 

3432 

3431 


66-1 

30! 
22-5 
13 7 

16 4 

14-7 
13 5 
12 5 


o 


000 

0-36 

1 36 
161 

2 30 
2 64 

2 95 
3-23 
346 

3 72 

3- 94 

4- 16 
4*36 
4-55 
4-74 


57 30 
57-29 
57 26 
57-27 
57-26 
57 25 
57 24 
57 23 
57-22 
57 21 
57 ?C 
57-19 
57-16 
*7-1 7 


156 6 
42 09 
30-31 
24 90 
21-63 
19-36 
17-71 
16-41 
15 36 
14-49 
13-75 
13 11 
12-56 
12 06 


r»d. 

074 

*0122 

•0212 

•0273 

-0324 

•0367 

•0406 

-0441 

•0474 

•0504 

•0533 

•0561 

•0587 

•0612 

•0636 

•0659 

•0681 

•0703 

•0724 


1 0000 

0-9099 

•9996 

9997 

9996 

9996 

9994 

9993 

•94 

9991 


•9989 
9988 
998* 
9966 
9985 
9984 
0 9983 


81 66 

47-14 
36-61 
30-86 
27-21 
24 61 
22-64 
21 07 
19 79 
18-72 
17-81 
17-01 
16-32 
15 70 
15-15 
14 65 
14-20 
13-76 


r 

cot a 

a 

r 

■ 

COC I 

whirr r it taken from 
the table m the tame 
units as a 


Eomple. 

Find cot a «*hen 
m i° 17 

r for J°-77 57-21 


*• 57-21 

a 3-77 


15-18 


*.f.. cot a 15-1C 


NATURAL COTANGENTS. 0° to 8° 
(Read up and from right to left) 


y.A 

























































&£>Y 

NATURAL SECANTS 





O' 

6' 

12' 

18* 

1 

24' 

30' 

36' 

42- 

48' 

54' 




ADD 


X 











j 























0° 0 

0°-1 

0° 2 

0° 3 

0°-4 

1 

0°-5 

0° 6 


0^8 

0° 9 


1' 

2 

c 

0 

5' 

0° 

1 0000 

0000 

0000 

0000 

0000 

0000 

0001 

0001 

0001 

0001 


See small Table 

1 

•0002 

0002 

0002 

0C03 

0003 

0003 

0004 

0004 

0005 

0006 


P 

is, top rigru. 

2 

•OOC6 

0007 

0007 

0008 

0009 

0010 

0010 

0011 

0012 

0013 







3 

•0014 

0015 

0016 

0017 

0018 

0019 

0020 

0021 

0022 

0023 

1 

0 

0 

0 

1 

1 

4 

•0024 

0026 

0027 

0028 

0030 

0031 

0032 

0034 

0035 

0037 


0 

0 

1 

1 

1 

5 

< 0038 

0040 

0041 

0043 

0045 

0046 

0048 

0050 

0051 

0053 


0 

1 

1 

1 

1 

6 

0055 

0057 

0059 

0061 

0063 

0065 

0067 

0069 

0071 

0073 

2 

0 

1 

1 

1 

2 

7 

0075 

0077 

0079 

0082 

0084 

0086 

0089 

0091 

0093 

0096 


0 

1 

1 

2 

2 

8 

•0098 

0101 

0103 

0106 

0108 

0111 

0114 

0116 

0119 

0122 


0 

1 

1 

2 

2 

9 

•0125 

Cl 27 

0130 

0133 

0136 

0139 

0142 

0145 

0148 

0151 

3 

0 

1 

1 

2 

2 

10 

10154 

0157 

0161 

0164 

0167 

0170 

0174 

0177 

0180 

0184 


1 

1 

2 

2 

3 

11 

•0187 

0191 

0194 

0198 

0201 

0205 

0209 

0212 

0216 

0220 


1 

1 

2 

2 

3 

12 

•0223 

0227 

0231 

0235 

0239 

0243 

0247 

0251 

0255 

0259 

4 

1 

1 

2 

3 

3 

13 

•0263 

0267 

0271 

0276 

0280 

0284 

0288 

0293 

0297 

0302 


1 

1 

2 

3 

4 


•0306 

0311 

0315 

0320 

0324 

0329 

0334 

0338 

0343 

0348 


1 

2 

2 

3 

4 

PW 

1 0353 

0358 

0363 

0367 

0372 

0377 

0382 

0388 

0393 

0398 

5 

1 

2 

2 

3 

4 

III 

•0403 

0408 

0413 

0419 

0424 

0429 

0435 

0440 

0446 

0451 


1 

2 

3 

4 

4 

ill 

0457 

0463 

0468 

C-«74 

0480 

0485 

0491 

0497 

0503 

0509 


1 

2 

3 

4 

6 

If ll 

0515 

0521 

0527 

0533 

0539 

0545 

0551 

0557 

0564 

0570 


1 

2 

3 

4 

5 


•0576 

0583 

0589 

0595 

0602 

0608 

0615 

0622 

0628 

0635 



2 

3 

4 

6 

20 

1 0642 

0649 

0655 

0662 

0669 

0676 

0683 

0690 

0697 

0704 


1 

2 

3 

5 

6 

21 

•0711 

0719 

0726 

0733 

0740 

0748 

0755 

0763 

0770 

0778 

7 

1 

2 

4 

s 

6 

22 

0785 

0793 

0801 

0808 

0816 

0824 

0832 

0840 

0848 

0856 


1 

3 

4 

5 

7 

23 

•0864 

0872 

0880 

0888 

0896 

0904 

0913 

0921 

0929 

0938 

8 

1 

3 

4 

6 

7 

24 

•0946 

0955 

0963 

0972 

0981 

0989 

0998 

1007 

1016 

1025 


1 

3 

4 

6 

7 

25 

1-1034 

1043 

1052 

1061 

1070 

1079 

1089 

1098 

1107 

1117 

9 

2 

3 

5 

6 

8 

28 

•1126 

1136 

1145 

1155 

1104 

1174 

1184 

1194 

1203 

1213 


2 

3 

6 

6 

8 

27 

•1223 

1233 

1243 

1253 

1264 

1274 

1284 

1294 

1305 

1315 

10 

2 

3 

5 

7 

8 

28 

•1326 

1336 

1347 

1357 

1368 

1379 

1390 

1401 

1412 

1423 


2 

4 

5 

7 

9 

29 

•1434 

1445 

1456 

1467 

1478 

1490 

1501 

1512 

1524 

1535 

11 

2 

4 

6 

7 

9 

30 

1-1547 . 

1559 

1570 

1582 

1594 

1606 

1618 

1630 

1642 

1654 

12 

2 

4 

6 

8 

10 

31 

•1666 

1679 

1691 

1703 

1716 

1728 

1741 

1753 

1760 

1779 


2 

4 

6 

8 

10 

32 

•1792 

1805 

1818 

1831 

1844 

1857 

1870 

1883 

1897 

1910 

13 

2 

4 

7 

9 

11 

33 

•1924 

1937 

1951 

1964 

1978 

1992 

2000 

2020 

2034 

2048 

14 

2 

5 

7 

9 

12 

34 

•2062 

2076 

2091 

2105 

9 

2120 

2134 

2149 

2163 

2178 

2193 


2 

5 

7 

10 

12 

35 

1-2208 

2223 

2238 

2253 

2208 

2283 

2299 

2314 

2329 

2345 

15 

3 

5 

8 

10 

13 

3G 

•2361 

2376 

2392 

2408 1 

2424 

2440 

2456 

2472 

2489 

2505 

16 

3 

5 

8 

11 

13 

37 

•2521 

2538 

2554 

2571 

258R 

2605 

2622 

2639 

2656 

2673 

17 

3 

6 

8 

11 

1 4 

38 

*2690 

2708 

2725 

2742 

2760 

2778 

2796 

2813 

2831 

2849 

18 

3 

6 

9 

12 

15 

39 

*2868 

2880 

2904 

2923 ( 

2941 

2960 

2978 | 

2997 

3016 

3035 

19 

3 

6 

9 

13 

16 

10 

1-3054 

3073 

3093 

3112 

3131 

3151 

3171 

3190 

3210 

3230 

20 

3 

7 

10 

13 

17 

41 

•3250 1 

3270 

3291 

3311 

3331 

3352 

3373 

3393 

3414 

3435 

21 

3 

7 

10 

14 

17 

4? 

•3450 

3478 

3499 

3520 

3542 

3563 

3585 

360/ 

3629 

3651 

22 

4 

7 

11 

IS 

18 

43 

-3G73 

3096 

3718 

3741 

3763 

3786 

3809 

3832 

3855 

3878 

23 

4 

8 

11 

15 

19 

4 1 

•3902 

392a 

3949 

3972 

3996 

4020 

4044 

4009 

4093 

4118 

24 

4 

8 

12 

16 

20 

4!» 

1 414? 

4107 

4192 

1217 

4242 

4267 

4293 

4318 

4344 

4370 

25 

4 

8 

13 

17 

21 

40 

•4390 

•1422 

4448 

4474 

4501 

4527 

4554 

4581 

1608 

4635 

27 

4 

9 

13 

18 

22 

4 i 

•4063 

4690 

4718 

4746 

4774 

480? 

4830 

4859 

4887 

1916 

28 

5 

9 

i 1 

19 

23 

4ft 

•4945 

4974 

5003 

5032 

5002 

5092 

5121 

5151 

5182 

5212 

30 

5 

io 


2C 

25 

4'* 

1-5243 

5273 

5304 

5335 

5366 

5398 

5429 

5461 

5193 

5525 

31 

5 

10 

16 

21 

26 



j-V'A>j\ 









NATURAL SECANTS 25 







mm 








ADD 



/?©■ \m 

6‘ 

12' 

18' 

24' 

30' 

36' 

42' 

48 

54* 






X 

0° 0 

0° 1 

0° 2 

0° 3 

0° 4 

0°-5 

0°-6 

0° 7 

0°*8 

0°*9 

J 

1' 

r 

3' 

4' 5' 

50° 

wm 

559 

562 

566 

569 

572 

576 

579 

582 

586 

3 

1 

i 

2 

2 3 

51 

■rrl 

592 

596 

599 

603 

606 

610 

613 

617 

621 


1 

i 

2 

2 3 

52 

•624 

628 

632 

635 

639 

643 

646 

650 

654 

658 


1 

i 

2 

3 3 

53 

662 

666 

669 

673 

677 

681 

685 

689 

693 

697 


1 

i 

2 

3 3 

54 

•701 

705 

710 

714 

718 

722 

726 

731 

735 

739 

4 

1 

i 

2 

3 3 

55 

1*743 

748 

762 

757 

761 

766 

770 

775 

779 

784 


1 

2 

2 

3 3 

5* 

788 

793 

798 

802 

807 

812 

817 

821 

826 

831 


1 

2 

2 

3 4 

57 

836 

841 

846 

851 

856 

861 

866 

871 

877 

882 

5 


2 

3 

3 4 

m 

887 

892 

898 

903 

908 

914 

919 

925 

930 

936 


1 

2 

3 

4 5 

Q 

942 

947 

953 

959 

964 

970 

976 

982 

988 

1-994 

B2 

1 

2 

3 

4 5 


2*000 

006 

012 

018 

025 

031 

037 

043 

050 

056 


1 

2 

3 

4 5 

•» 

*063 

069 

076 

082 

089 

096 

103 

109 

116 

123 


1 

2 

3 

4 6 

r i 

•130 

137 

144 

151 

158 

166 

173 

180 

188 

195 


1 

2 

4 

5 6 

til 

203 

210 

218 

226 

233 

241 

249 

257 

265 

273 

H 

1 

3 

4 

5 7 

u 

*281 

289 

298 

306 

314 

323 

331 

340 

349 

357 


1 

3 

4 

6 7 

H 

2*364 

376 

384 

393 

402 

411 

421 

430 

439 

449 

9 

2 

3 

5 

6 8 


469 

488 

478 

488 

498 

508 

518 

528 

538 

549 

10 

2 

3 

5 

7 8 

• 7 

566 

570 

681 

691 

602 

613 

624 

635 

647 

658 

11 

2 

4 

6 

7 9 

FI 

•669 

681 

893 

705 

716 

729 

741 

753 

765 

778 

12 

2 

4 

6 

8 10 

LI 

790 

803 

816 

829 

842 

855 

869 

882 

896 

910 

13 

2 

4 

7 

9 11 

70 

2-624 

996 

952 

967 

981 

2-996 

3011 

3-026 

3-041 

3 056 

15 

2 

5 

7 10 12 

71 

8*072 

087 

103 

119 

135 

3-152 

168 

185 

202 

219 

16 

3 

5 

8 11 13 

71 

186 

254 

271 

269 

307 

326 





18 

3 

6 

9 12 15 







326 

344 

363 

382 

401 

19 

3 

6 

9 13 16 

7$ 

42 * 

440 

460 

480 

500 

521 





20 

3 

7 

10 12 17 







521 

542 

563 

584 

606 

21 

4 

7 

11 

14 18 

74 

*626 

650 

673 

695 

719 

742 





23 

4 

8 

11 

15 19 







742 

766 

790 

814 

839 

24 

4 

8 

12 16 20 

14 

1*44 

884 

915 

941 

967 

3 994 





26 

4 

9 

13 17 22 







3-994 

4*021 

4 049 

4 077 

4-105 

28 

5 

9 

14 19 23 

74 

4114 

143 

Iff 

222 

253 

4-284 





30 

5 

10 

15 20 25 







284 

315 

347 

379 

412 

32 

5 11 

16 21 27 

77 

4 444 

479 

514 

549 

584 

4-620 





36 

6 12 

18 23 29 







620 

657 

694 

732 

771 

38 

6 13 

19 25 32 

74 

4 810 

650 

690 

931 

4-973 

5-016 





41 

7 14 

21 

27 34 







5-016 

059 

103 

148 

194 

45 

8 15 

22 30 38 

Wj^ ,.'J 

5 141 

288 

317 

386 

436 

487 





49 

8 16 

25 33 41 

■1 






487 

540 

593 

647 

702 

54 

9 18 

27 36 45 


5 759 

5*816 

5 875 

5-935 

5-996 

6-059 





60 

10 20 

30 40 50 

M 1 






6-059 

6-123 

6-188 

6 255 

6-323 

67 


22 

33 45 56 


6 392 

6 464 

6-537 

6-611 

6-687 

6-765 





75 

12 25 

37 50 62 







6-765 

6 845 

6 927 

7-011 

7-097 

84 

14 28 

42 56 70 

M 2 1 

7-185 

7 276 

7-368 

7-463 

7-561 

7-661 

7-764 

7-870 

7-979 

8-091 






III 

8 204 

8*324 

8 446 

8-571 

8-700 

8-834 

8-971 

9-113 

9-259 

9-411 






84 

9567 

9 728 

9 895 

10 07 

10-25 

10-43 

10-63 

10-83 

11-03 

11*25 


















Differences vary 

k I 

11*47 

11*71 

11*95 

12 20 

12-47 

12-75 

13-03 

13-34 

13 65 

13*99 


too 

rapidly for 

11 

14 34 

14-70 

15-09 

15-50 

15-93 

16-38 

16 86 

17-37 

17-91 

18*49 


interpolation by| 

87 

19 11 

19-77 

20-47 

21-23 

22 04 

22 93 

23 88 

24 92 

26-05 

27-29 


P.P.s. 

5ee Table 

13 

28 65 

30-16 

31*84 

33-71 

35-81 

38-20 

40 93 

44-08 

47-75 

52 09 


on 

page 23. 

O 

57*30 

63-66 

71-62 

81 85 

95-49 

114 6 

143-2 

191-0 

286 5 

573-0 






90 

CD 
















P # P.i foi differences exceeding 16. if not shown on this page, should be taken fioin the inside end 
cover of the bvO«. angles between 72° and 82° P P.s based on actual differences should be used. 


r"- 



















XfJj£jicr*i 


sac* 

NATURAL COSECANTS 








O’ 

6* 

ir 

18’ 

24’ 

30’ 

36 

42‘ 

48 

54’ 

0° 0 

0° 1 

C°-2 

0°-3 

0° 4 

0° 5 

0°6 

0° 7 

0° 8 

0* 9 

OP 

573 0 

286-5 

191-0 

143-2 

114-6 

95 49 

81 85 

71-62 

63 66 

57-30 

52-09 

47-75 

44-08 

40 93 

38 20 

35 81 

33 71 

31-84 

30-16 

28 65 

27 29 

26 05 

24 92 

23 88 

22-93 

22 04 

21 23 

20 47 

19 77 

19 11 

18-49 

17-91 

17-37 

16-86 

16-38 

15-93 

15-50 

15-09 

14 70 

14 34 

13 99 

13 65 

13-34 

13 03 

12-75 

12-47 

12 20 

11 95 

11-71 

11-47 

11-25 

11-03 

10-83 

10-63 

10-43 

10 25 

10-07 

9-895 

9-728 

9-567 

9-411 

9-259 

9-113 

8-971 

8 834 

8-700 

8-571 

8-446 

8-324 

8 206 

8 091 

7-979 

7-870 

7-764 

7 661 

7561 

7 463 

7-368 

7-276 

7-185 

7-097 

7-011 

6 927 

6 845 

6-765 










6-765 

6-687 

6-611 

6-537 

6 464 

6 392 

6 323 

6 255 

6-188 

6 123 

6 059 










6-059 

5-996 

5 935 

5 875 

5-816 

5-759 

702 

647 

593 

540 

487 










487 

436 

386 

337 

288 

5-241 

194 

148 

103 

059 

5 016 










5016 

4 973 

4 931 

4 890 

4 850 

4-810 

771 

732 

694 

657 

4 620 










620 

584 

549 

514 

479 

4 445 

412 

379 

347 

315 

284 










284 

253 

222 

192 

163 

4-134 

105 

077 

049 

4-021 

3 994 










3 994 

967 

941 

915 

889 

3 864 

839 

814 

790 

766 

742 










742 

719 

695 

673 

650 

•628 

606 

584 

563 

542 

521 










521 

500 

480 

460 

440 

•420 

401 

382 

363 

344 

326 










326 

307 

289 

271 

254 

•236 

219 

202 

185 

168 

152 

135 

119 

103 

087 

3 072 

056 

041 

026 

3 011 

2 996 

2-981 

2-967 

2 952 

2-938 

2 924 

910 

896 

882 

869 

855 

842 

829 

816 

803 

•790 

778 

765 

753 

741 

729 

716 

705 

693 

681 

669 

658 

647 

635 

624 

613 

602 

591 

581 

570 

•559 

549 

538 

523 

518 

508 

498 

488 

478 

468 

•459 

449 

439 

430 

421 

411 

402 

393 

384 

375 

2-366 

357 

349 

340 

331 

323 

314 

306 

298 

289 

•281 

273 

265 

257 

249 

241 

233 

226 

218 

210 

•203 

195 

188 

180 

173 

166 

158 

151 

144 

137 

•130 

123 

116 

109 

103 

096 

089 

082 

076 

069 

•063 

056 

050 

043 

037 

031 

025 

018 

012 

006 

2 000 

1-994 

1-988 

1-982 

1 976 

1-970 

1-964 

1-959 

1 953 

1-947 

1-942 

936 

930 

925 

919 

914 

908 

903 

898 

892 

•887 

882 

877 

871 

866 

861 

856 
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P.P.s for differences exceeding 16. if not shown on this page, should be taken from the inside end 
cover of the book. For angles between 8° and 18° P.P.s based on actual differences should oe used 
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